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The "Learn1ng How to Learn Program' is deS1gned for use in .,';fff'

any classroom togethcr wWith the regular program\of 1nstruct10n Although .

the mater1als 1n this handbook were prepared for junior h1gh sc1ence If
""teachers they mught be‘u$ed by teachers at other grade levels arid 1n
. “other subject matter f1elds R . L ‘.F~_v R K
¢ To understandlhow to become a better learner’, students need:tqun
ga1n 'some understandlng of (l) the learn1ng process (2) the nature
"of know e;;ef_and (3) how to extract meanlngs from mater1als studied:.
_?'m 1s‘ba5ed on Ausubel's (1978) éogn1t1ve learn1ng theory
“f; . wh1ch places emphas1s on ‘the d1fference between.mean1ngful learn1ng :
- p and rote learn1ng In fact, the ma30r/object1ve of th1s.program 1s
7 to help students learn how . to learn medn 1ngfhl4y ' To acqu1re knowledge

mean1ngfu11y ‘means that the 1earner must 1ncorporate new knowledge 1nto

concepts that the learner already has. Our pr0gram 1s des1gned to

: extend mod1fy and elaborate these concepts, partly through prov1d1ng o

“instruction in new relat1onsh1ps among _the” ‘coricepts that the student

'salready has’, ~and. partly by prOV1d1 'g new relcvant concepts about o,

- . Lo

. '
learning.

' THE KNOWLEDGE //Zﬂ | S e

o

' We have. found ‘that students galn in the1r understand1ng of mean- )

o ‘
1ngful learn1ng when they acqu1re knowledge about the knowledge mak1ng
process.. To accompl1sh.th1s we have found a 51nple device. 1nvented by

Gowin (1979) ‘to be helpful. We teach: students to understand each of’

the. elements represented on Gowin' s "V" shown in F1gure 1. . At the :ﬂ{ R

"p01nt" of the "'V" are obJects -and events - and these occur in the natural,
“world or.are made to occur by people (as in a- laboratory exper1ment)
At this po1nt our key conceptual act1v1t1es come together with. our

methodolog1cal act1v1t1es, _We def;ne a concept as a regular1ty:1n

*A more exten51ve treatment of the "V" and‘lts accompany1ng terms can be
found in sect1on IV in, th1s handbook o )/—’
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'ievonts or obJects deS1gnated by a S1gn or symbol. For'instance,'to‘

'jstudy digestion of starch by sallva we need concepts of. enzyme, starch
d1ge$t10n, maltose, sugar, solutlon, and others. Students beg1n to see
' that even to set up a meanlngful experlment, or to be select1ve in-

,'observ1ng obJects and evenus, we must use. concepts

-

-, . ~

v

(CONCEPTUAL. "' - " METHODOLOGICAL

e S

i

KNOWLEDGE CLAIMS

"‘.’J' ’

RECORDS

e ST e OBJECTS/EVENTS ” Lo
,,\?pFigure_lr Gow1n s Knowledge ”V” (1979) used w1th seventh and e1ghth

S ‘grade students. as a heur1st1c ‘device to help in understand1ng-
o how knowledge 1s produced in the Sc1ences

'\».

. - The V- shape of this devlce serves to emphaS1ze‘that hoth‘conceptual
:kand procedural og methodolog1caﬂ elements are brought to bear on obJects .‘f’
and events 1n the process of knowledge productlon A ”focus est1on”_ I
'{‘vserves ‘to d1rect ‘the process of knowledge productlon Lo |
| Concepts can be llnked together to d scr1be a. spec1f1c regularlty,'
such” as, ”the-sun rises, every morning " Th1s k1nd of ‘statement or, prop—-
OS1t1on 1s¢%ften called a pr1nc1ple Pr1nc1ples, in turn,\may be related
together in broader, J%re inclusive- ideas’ that we call theoxles, such‘

as. the atomic theory or the theory of natural select10n C 0 o

2 o S : L S _ Y
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Concepts, pr1nc1p1es, and theor1es also gu1de the methodolog1ca1

S

act1v1t1es on. the rlght hand S1de of the ”V" These act1v1ties 1nc1Qde
record maklng, sudh as gather1ng 1nstrument read1ngs or notes on obser-
.vatlons, -and transformatlons, such as graph or chart- preparat1ons or
"stat1st1caz\ana1y51s. “The’ knowledge c1a1ms represent what Has' been'
-constructed through the act1ve 1nterp1ay,among the concepts pr1nc1p1es,ﬁ ~———
+ and theory we use and the records and- transformat1ons about the events. o
,:'?and obJects we' have exam1ned . — - !

iy .. . B s

oy

CONCEPT MAPPING o %‘f

: -
Another dev1ce we have found useful 1s to have students construct

concept maps Concept maps help students understand that (c ceptspder1ve

. the1r mean1ngs through "connect1ons" or relat10nsh1ps w1th o eT concepts..

ot

21 Hhe known—
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“Figure 2:' A Concept Map of the bJome‘"Oceans," prepared by a group 3{ four_
' seventh grade students from a sect1on of. readlng in/ the1r text
v ) ’ S . ,,? ~

~ o L
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o to the concepts of "writing" and ”1nstrument.”

map c0nstructed by a group of seventh grade students from a ‘textbook
We w111 discuss the procedure fog%teach1ng and

4 read1ng on world b1omes.
' uS1ng concept maps in Section III of this handbook T
ghe ”Learnlng”How to Learn Program” is de51gned to be

In summary,
used 1n classrooms to help students understand the nature of knowledge

! @
i «\.and the nature'of cogn1t1ve 1earn1ng .
» - ‘. :
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To def1ne a_pen as~a“wrltlng~1nstrumentuis to- relate the-~ concept“"pen”““*—‘“
Figure. 2 shows a concept
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;__;m_~_DVERV1EW“OE_THE AUSUBEL NOVAK THEORY»

T TR
Throughout the e1ementary school program, 1t 1s ‘common. for students’
‘to: memor1ze def1n1t1ons 0T procedural rules w1thout re1at1ng the mean-
_1ngs of- the words in ‘the’ def1n1t10ns Or rules to 1deas they aIready '
'understand In fact students often come to be11eve that rote memor1za-"
pit1on of school 1nformat1on is the only way to learn.b As- teachers, we' may
v'f,want to reduce rote 1earn1ng, but often f1nd ourselves helpless ‘to’ ach1eveih
l more’ mean1ngfu1 1earn1ng in the classroom “Two maJor reasonslzor th1s B
‘ ﬂd11emma are: (1) the student 1s not aware _that. there\ls an a1ternat1ve

39

'”to rote. 1earn1ng, and (2) concepts that are to be learned are presented

in such a way as to encourage rote memor1zat10n
_ The 1ﬁtent1on of th1s sect1on.of the "Learn1ng How to Learn Hand- ‘\:3
1bbook" is to prov1de the student w1th an a1ternat1ve to rote memoriza- |
Lo - tion by show1ng h1m/her that 1t 1s moreg eff1c1ent to 1earn in a. mean1ng-,ﬂ,:’
ﬂ‘df’"\way Further th1s sectlon and the ones that follow. w111 prov1de -
the teacher w1th‘anformat10n about how 1nstruc&10n can be organ1zed e
: - to facilitate meanlngful Jearnlng and d1scourage rote memorization.
o The -Ausubel-Novak 1earn1ng theory attempts to prOV1de a descr1p-
. tion ‘of how 1earn1ng takes place’ 1n the Iearner “how. the. 1earner.'_
processes new 1nfbrmat1on and - how* that, 1nformat1on«as stored.’ Already,'7”
'”two terms of the Ausubel Novak theory have been 1ntroduced The first .
u1s rote 1earn1ng Rote 1earn1ng ocecurs when 1nformat10n that is’ 1earned
is stored arb1trar11y within ‘the cogn1t1ve structure of the 1nd1v1dua1
. .V‘Tn other words; the new 1nformat1on or c0ncept has no psycholog1ca1 f
u ““””ccnnect1on to other concepts and the1r mean1ngs Act1v1ty #1 in th1s -
,f "sect1on 19 an example of 1nformat10n that 1s 1earned rotely If qu1zzed i
4f'on the mean1ng of the words (concepts) ‘of the Pledge of A11eg1ance, how
'many students wou1d be able to g1ve adequate answers? i ; o
The oppos1te of rote 1earn1ng is mean1ngfu1 1earn1ng ' Meaningfui
l'learn1ng occurs when the learner is ab1e to 11nk new- 1nformat1on to ,}‘

concepts and mean1ngs that s/he a1ready has 1n h1s/her cogn1t1ve structure.,

: -.,;*cogn1t1ve structure. is. the compos1te of stored knowledge represent1ng
., . the concepts, propos1t1ons,vand other 1nformat10n 1earned by .an . 1nd1v1d--

7 ual. s , by L. . * -
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Ln other words, new 1nformat1on to be learned is ‘not taught arb1trar1ly,
but always in relat1on to what the learner already knows. -
In the’ follow1ng sect1ons, learn1ng act1v1t1es are suggested that
will help students understand the d1fferences between rote and - mean1ng—'

a ’,ﬁul learh1ng. ActIV1t1es #2 and #3 1llustrate the d1fference between

"that the student mémor1ze the terms in a' rote- fash1on L1st #2 although

’\\g' rote learn1ng and mean1ngful learn1ng ' L1st #l, on page Ilqﬁ requ1res

“the same 1nstruct1ons are. g1ven, has the concepts arranged in a ‘more-
.'mean1ngful way That 1s, they are already organ1zed accord1ng to 1ce
‘cream flavors, an1mals, furn}ture,_and colors Wh1le doing “this acti-
v1ty, the teacher should f1nd that *the group of students w1th List #2 .
. 1s able to. learn the . l1s€ ofﬁ1te3? more qu1ckly than those students W1th:
B L1st #1. L1sts #3 and #4 onnpage II 5, demonstrate the d1st1nct1on
between rote learn1ng and.meanlﬁgful learn1ng 1s fot always a S1mple one.
L1st #3 g1ves ‘the’ names of a group of flowers, L1st #4 g1ves the botan-
, '?.1cal names for parts of a, plant Wh1ch one is more mean1ngful75 Wh1ch
o ;; is more rote’ '-}‘ AR ' ‘f' ’ o .
: Act1v1t1es #3, #4, and #5 w111 demonstrate the use of pr1or exper1;””

ences and knowledge to prOV1de the organ1z1ng l1nks that make new

- 1nformat1on more’ meanxngful Act1v1ty #4 does this by glvlng one group BN

:] of sﬁudents an organ1z1ng sentencebwh1ch prov1des the mean1ngful l1nk
between the pr1or knowledge and the new 1nformat1on 1n the paragraph
Act1v1ty #5. 1ntroduces the idea of concept mapp1ng as a means” of N
organ1z1ng the 1nformat1on learned 1nto a more mean1ngfu1 fash1on Andh-

E Act1v1ty #6 1llustrates the Ld1osyncrat1c nature of the concepts that '
a learner possesses Although each person stores 1nformat1on in an .
1d1osyncrat1c way, there are- enough regular1t1es among the mean1ngs of

our stored concepts so that commun1cat1on can occur - o S

‘In the last act1v1ty, the d1st1nct1on between rote and mean1ngful
learn1ng is’ cons1dered more d1rectly In th1s one, the leafner is asked g
to 1dent1fy those concepts that s/he cons1ders meanlngfully learned ‘ - |
and those s/he consrders rotely learned “The mean1ngs of ‘the concepts, ,

“1nd1cated by the regular1t1es ‘we recogn1ze for that concept and the L
spec1f1c events and obJects as example of éach concept demonstrate the

._relat1ve mean1ngfulness of these concepts to students

¢ . .
. ¢ . . . . .oa
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It 1s hoped that through the exam1nat1on of the concepts of rote
‘_f'learn1ng and mean1ngfu1 1earn1ng the student can recogn1ze what 1s rc~ .

qu1red to move toward mean1ngfu1~1earn1ng and away from rote Jearnlng

.. ' Further, 1t is hoped that the teacher _can beg1n ta re- exam1ne how infor-
”.'5' mation is presented to the learner e1ther in iéssons. or 4in textbooks .
;ﬁ_: 'fAnd that the strateg1es.presented in therPLearnLng How-to Learn Program“n
can fac111tate th1sg§ransr£10n to the more’ mean1ngfu1, eff1c1ent ; Lo
teach1ng and learnlng of concepts. /- T ' h ky ' s N
© . X A . . ":“. PR
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*ACILYITIES IN MEANINGFUL LEARNING

.

AClIVITY #l - Rote Learnlng : Lo o - . y
Say the Pledge of Alleg1ance to the Flag. Th1s is an example’/£

\.somethlng wh1ch is 1earned rotely It is shared by everyone,.and 1t '

) must Bb sa1d exactly as written-or it is wrong. :1.w‘». Y

PRRE Perhaps you may w1sh to wr1te the Pledge of Alleg1ance on- the:
“}fboard and c;rcle key concepts,_such as "alleglance" and "repuhllc Al

*l“;and ask. who knows what these concepts mean ;

-
P

l. . @ * ot R
: ‘“’J“k EA i

-

Lo

] ]

. . B > . -
- . . . )
vy SN

"fACTIVITY #2 - 'Rote Learn1ng and Mean1ngfu1 Learnlng

If some lnformatlon

is g01ng to be" learned meanlngfulry,_that 1nfor-

- mation must be 11nked to ex1st1ng concepts that the student already
possesses. Th1s.can_becshown in the following exercises. GlEs*LlSt #1

to half the_class;_ListY#Z”to'the,other half.' Giﬁe~the follow1ng} dlrec-\-

. tionms: PqueWis.adlist of words. Everybody has the same words.. You will .

’fjbehgivenithirty seconds to memorize the list that you have."

"-Lism #1_.
pvanilia
~ elephant
- desk
yellow>
' dhocolate
,red-ﬁ'
table

~camel

"strawberry

green.
. . horse

" chair

~

.“_. "

- List #2
Vanilla ,
chocolate
strawberry.

'elephant )
.camel
horse .

desk
chair
~ table

“red
yellow
green :

- Figure 3. Lists of Organized and Unorganized Words.

F
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, After the thirty seconds; have the students list as many words:...
. as they?can'remember{-‘Tally_the number of remembered words fordeach .
» student using List'#l'and for those with List #2. The number of words
each student remembers is a record of this 1earn1ng reca11 event
U Determine the average for each group The average number of words
- recalled (usually about 6+ for. the group w1th L1st #1, and 8+ for
. {j?tgy‘the-group w1th List ¥2) is a transformation of the original records, ;f ér

:fand serves to 111ustrate how the . 1earn1ng pr1nc1p1es guide the 1nqu1ry

oy

’(See IV 2\through IV 12 for' further discussion. ) _ - ;/ ,
o Discuss w1th your students the 1dea of organization and mean1ng, '

/
'fulness of the mater1a1 L1st #2 already had the words organlzed 1nto /
[

ooa pattern of ice cream th%ors, an1ma1s, pieces. of furniture, and colo
List #1 did not have that organizatipn, or at 1east the organization‘

;may not have been apparent after on1y thix ty seconds L1st #2 is "ﬁ

> o mean1ngfu1ness for thé stu,,'ts. Each 11st dea1s w1th p1ants, bus/List

#4 nay present some d1ff1cu1t1es to ‘the students since the terms’

!
/

‘.

Figure 4.

‘Lists of'Familiar and Unfamiliar Botanical Names).

unfam111ar It will be very difficult for the students to learn the, .
list 1n the 1ast column This 1s .an example of arb1trary 1earn1 g,‘ Hf
T br rote 1earn1ng.r - L Lo I o /' L N
" List #Sk\‘ R List #a i -
.petunia o -tracheid - ’
g gardinia "sclerenchyma
) _.mar1gold . .xylem_7“~ S E
z1nn1a/ ‘ o cambium
goldenr@d epidermis ' ,
'_sunfiower J.' .mesoPhyll Lf
“maple f’parenchyma o
'”sycamore ipallisade‘; ; }
cottonwood_ , Stomata - 2
walnut. '-aperture



. groups, and .give them the foldoWhng d1rect1ons MYou. w111 be g1ven

. ‘ ' '|‘ ‘
ACTIVITY 3 - Organlzlng for Meanlhgful Learn1ng
JinformatiOn On this page and the next are two paragraphs * 1dent1ca1,

'va paragraph to. read _ After you mave read 1t, you will be asked -_'f{\\'
: quest1ons about the contents of the paragraph, and what the - paragraph '

is dlscuss1ng " : B “‘Y T

.Figure'6A. Washing.iiothes Pagsage-with Organizing_Sentence:"f;

How we- 1nterprea and re]aten%o a problem often depends on ohr

past cxperlenccs . These cxper1ences help us ‘to sort out our new .

\

except for the first: sentence ib1v1de the c1ass once:. aga1n 1nto 'two

\

‘o ;
Th1s paragraph is abouthash1ng clothes 4 It is actua11y '
:quite S1mp1e F1rst you’arrange th1ngs into d1fferen
R groups depend1ng on . the1r makeup of course, one p11e may
- be . enough depend1ng on how much there is to do If you _
have to go somewhere else due to'a lack of equ1pment that ,
" is the ne Xt step, otherwrse you are pretty well set. 'It'
is. 1mportant not%to overdo any part1cu1ar part of ‘the JOb
' :That is, it 1s better to. do _too few th1ngs at once than
.‘too many In the short run, thls may not _seem 1mportant
-~ but trouble from d01ng td% many\can eas11y arise. A mis-
. take - can be expenS1Ve as we11 Work1ng the equ1pment
'ﬂshould be. self—explanatory, and we need not: dwe11 ‘on 1t
i,here At f1rst ‘the Mhole procedure will® seem comp11cated
'Soon, however, it w111 become Just another facet of 11fe
It is d1ff1cu1t to see an. end to; the neceSS1ty for- th1s'

‘ task in the 1mmed1ate future, but- then one can.never te11

v L

K
. R .

bt
.

* I ' i '
from R.E. Meyer. (1077) T”TNKINC 'AND PROBLEM SOLVING: AN INTRODUC-
TION TO HUMAN COGNITION AND LEARNING Glenville, IL: Scott, Foresman,
£ “omnany : o s S

-y
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It is actua11y qu1te S1mp1e First, you arrange things “ :
,1nto d1fferent groups depend1ng on the1r makeup .Of c0urse,
_ one. p11e may.be enough depend1ng on how much there is to do’.
i.va you have tc go somewhere else “due to a lack of equ1pment
'“_jthat is the, next step, otherwise you are preity we11 set
It is 1mportant not to,overdo any part1cu1ar part of the JOb
That. is, it is better to_ do too few th1ngs at ong than too
maﬁy.' Tni the short run,, th1s may not seem 1mportant but
_ jtrouble from do1ng too many can: eas11y Ar1sp A m1stake p
. ; _ 'can be ‘expensive as we11 Work1ng the equapment shou1d be'. e
| :self—explanatory, and we nced not dwe11 on 1t here. _At : '
. first, the whole procedure will seem comp11cated Soon,. o
however it will become Just another facet of 11fe It is’
d1ff1cu1t to see. an .end to’the necess1ty for th1s task. 1n

‘the 1mmed1ate future, but then’ one can never tell. R

r‘" E ; .

F1gure GB ’ Wash1ng Clothes Passage w1thout Organ121ng Sentenge o

u

o \\Questions for the Class: IR »";' ‘

Who'understand'the storyv' Ind1cate by ra1s1ng your hand? s 3 ;f:;
vﬁ.: o Who-does not understand the story? ’ g '.._f o
. § "

n;For those who do understand the story,'read the f1rst sentence

- of your paragraph "‘f.. "'wz o :”~Q,'i' ',h‘-f
. Students who had paragraph 6A w111 generally say they understand
bthe story, and those w1th paragraph 6B may make - some'”wlld guess” as .-
“to, what it was a11 ab0ut ThlS exerc1se serves to 111ustrate that we ,:

can . somet1me aid’ the, process of mean1ngfu1 1earn1ng by statements that
_help to‘”organ1ze" 1deas by 11nk1ng these ideas to what 1s a1ready
:“fam111ar Mea 1ngfu1 1earn1ng is a1ded by procedures wh1ch help students

tie new 1nforma\1on to. kn w1edge they‘already understand ’ .
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ACTIVITY #4 - Organlz1ng by Means of a Concept Map ' :

_ The purpose of th1s act1v1ty is to 1llustrate a valuable strategy
f%for-organ1z1ng mater1al to ‘be. mean1ngfully learned "It 1ntroduces
tfthe idea of concept mapp1ng of verbal mater1al v

- Aga1n, d1v1de up the class 1nto two groups. Group #1. will'
rece1ve the paragraph read1ng, Group #2 w1ll rece1ve the concept map
on the next page G1ve tHe -students the follow1ng d1re/t1ons "Youf‘

will be -given-a sheet of paper w1th some 1nformat1on on\1t. The'twoy

-.p1e3£ of paper for four minutes. Aﬂter that trme, you w1ll be g1ven a -

o qu1z about the 1nformat1on on the papers. neo T

Everyone 1s fam111ar with metals Metals that:occur
naturally are- called pure metals.. Some pure metals like
old s1lver, and plat1num are cons1dered prec1ous metals
Zecause they are rare. Copper, lead, iron,” and a1um1num,- :
/ on the other hand are con51dered common because they are,
"mone abundant People have learned to. comb1ne pure metals _'."

and other substances to-create new metals called a110ys

.Steel brass and brohze are alloys We . see metals every
: day 1n cars and bu1ld1ngs (alioys mostly), 1n Jewelry <

‘(rare metals) and in plumb1ng p1pes and cooklng f011

[} .
. . '

;.-_}.(common metals) : e S
AN .o : h

: . o . .. L . . - A 8
" ; . .. - . . .. o . o

- Figure;7A;'Metals Paraéraph...“v;. Wj: L 1'.7 . l” .

,groups have the same 1nformat10n but in d1fferent forms. Study ghe . -



p
X ] A ©.  Brass .
53 Eg : S ‘Bronze '
21 ..."' : . : C
‘Gold -~ -+ Copper . T . . ®
Silver. = . - Lead - S 15
Platinum . - Aluminum o o . '
' Iron - - AP "
g L " Cars N
P : ] ’ " Buildings. 1
Jewelry - ' Plumbing Pipes . T .'.~fv : o ﬁh, .
_ R . Foil'Wrap =~ . A ST C I
- F1gure -7B. Metals Concept Map. - f- "‘sd, ¥
, 'Act1V1ty #4 Quest1ons for Groups #l (Paragraph readers) and- #2 (Concept
: Map readers) B el o e

What 1s the best word label for the subJect of th1s 1nformat1on7
2 Write the d1fference between pure metals and alloys .
3. Why are gold and 51lver called prec1ous metals* -

4. L1st two commorn pure metals.

: o -
5. Choose two from th1s 11st that are a110ys. ~
e : Plat1num”' Steel, S . .
‘Bronze ’ . v o oo
: Alum1num _ : TR
Coppér B -
6. Metals used 1n cars and build1ng are mostly
, . 7. Precious metals are ma1nly used for | Coe
R0
. % o .
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'ACTIVrTx“ns - Concepts. and StOrcd Méaninés; B T

_ This: act1v1ty 111ustratcs that meanlngs are: stored and thatjthese
" meanings are 1d10syncrat1c : That is, not everyone has ‘the - same mean1ngs»
stored for “each term , In ask1ng/the students to share the1r def1n1t1ons

'_of each word they can come to reallze ‘that def1n1t1ons do not match

exactly 51nce it is the meaning that. 1s stored, and not the word._ A1so,.”

- there are aspects of the def1n1t10ns that students do hold in common..

These ‘common features of th\/def1n1t1ons could represgat the regularl—'

ties' of the. concept word (See Act1v1ty #6 ) _" _ N
- Ask the students to’ wr1te the1r def1n1t1on for each‘of the
follow1ng ‘ ' N ’
CANIMAL . FOOD - . AIR : :
'Havevthe students share their definét;ons. R ' ' T
Questlons for the Class v _ ,
‘Where_ did the 1nformat10n (glven in the def1n1t10n%) come from? e
“Why doesn't everybody s def1n1t10ns match exacj}x’, (Because 1t is
» their- meanlngs wh1ch are stoned ) . K R s ORI
‘ 'What are the aspects of the def1n1t10ns that are held in common?
(These could be the regular1t1es of the concept ) '
' S S A RN

This att1v1ty also seems to 111ustra e that concepts vary in. the _.;
extent of- mean1ng they - have for any one erson. Concepts are more_ .
‘meaningful when they. aré" related ‘to 1arger sets of ather concepts
“Tthrough mean1ngfu1 propos1t1ons, such as "an1ma1s 1nc;ﬁde verteL*ates
f‘and 1nvertebrates ", The next act1V1ty seeks to help def1ne concepts

: and to emphaS1ze that each concept symbol or S1gn represents‘a spec1f1c
regularlty in obJects and events. It .is not always ‘easy to descr1be '
',the regularlty represented by a concept label even ‘when we. aﬁe very
fam111ar w1th the concept, as in. the examples glven above

\
te
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'ACTIVlTY #6 -rThe RoteéMeaninEful'Conflnuum S ‘4,3 n e

%
-, "*The: extent to wh1ch anyone can learn someth1ng mean1ngfully depend)

“‘upon, (l) the potent1al meaning of the mater1al (2) ‘the - degree of def
velopment of related concepts by the 1nd1v1dual, and (3) the effort to

relate the new mater1al to what the learner already knows.” These |

three criteria can -be 1l1ustratedf1n_th1s.act1v1ty. The_potent1al R

- meaningfulriess of concepts relates the our ability to see .the regular-

RN
>

.ities that those concepts possess,‘and‘our ability to'point to objects.

and events wh1ch -are examples of those concepts. G1ve students the _5;'

‘follow1ng d1rect1ons.w "Here 1s a 11ne Jwhich represents a range from L.

: meaningful learhing to. rote learn1ng ~ Choose e1ght to ten concepts and’

-

arrange thﬁm\aicord1ng to how mean1ngful they. are to you Try to. use~,z;
some concepts hat represen>’regular1t1es 1n obJects and s0me that o

represent regular1t1es 1n e&ents Those wh1ch are most rote. should

have the least mean1ng, those which - are mean1ngful Should have the. most-

s mean1ng Indicate what the regular1t1es -are for each of the concepts and

1dent1fy the obJects or events o hat‘deS1gnated regular1ty

; 4.‘h.'45 T T B B ',,j“ B N
MEANINGFUL 4 ~ Concept - Regularity -  Event/Object
o “.;.‘ love; ;-" o COncern; feeling -acts of caring
' “ for others™ and feeling
. examples moving air - air in motion .

P ¥

wind

NP S
-usually edible, apples; bananas,

fru1t B : soft, food = -  tomatoes
Y ° “:‘} from plants . o 4
.o ‘Jphone number, = .assigned . " specific number,
ROTE R number " e.g. 555-1000

[

: J' e R ] . . C S e

-'Figure 8. The ROte‘Meaningful Continuum, show1ng examples of concepts, '

the1r regular1t1es and the events or obJects
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After these act1vrt1es aré completed »1t w0u1d be helpful for the -

teacher to summarlze what 1nformat1on has been obta1ned The use-of

-

the summary is to prov1de the student w1th some pr1nc1p1es about 1earn-

'1ng, spec1f1cally about ‘haw s/he learns in.school, “and to prov1de the

teacher w1th‘some Operat1ng pr1nc1p1és’that can gu1de the construct1on

of 1essons and units in a mean1ngfu1 fashlon. ij'h »;"'“ R S

. LR 1
- -~ . . : . “h . B
. . . . . . .

"-Rote 1earn1ng occurs when hew 1nformat1on is stored arb1trar11y'f“
. That is, the/lnformat1on 1s not I1nked to- ex1st1ng concepts that ‘"

the 1earner a1ready has.

P
LY

-Mean1ngfu1 1earn1ng occurs when new 1nformat10n 1s acqu1red and

11nked to ex1st1ng c0ncepts that the»learner already possesses

e
_ -Ex1st1ng,concepts that the learner possessesuact as organ121ng

concepts that. prov1de age" for new 1nformat1on and fac111--
tate mean1ngful 1earn1ng o : ‘ o

,‘A

:—The nelat10nsh1ps among the COncepts in 1nd1v1dua1s are 1ddo-

"syncratlc * That is,- -the concept mean1ngs are un1que for each

1nd1v1dua1 [. o -[ L v . oo
‘ ‘ - .‘x‘ . . . ° ':. . v t

' ;However the mean1ngs stored by Jnd1v1dua1s should have R

a

. enough regular1t1es to allow commun1cat10n St o S

S

; -Concepts»ga1n in meani gwhen they can be used 1n more and

!

' more mean1ngfu1 prop s1t10ns
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FEATURES OF A CONCEPT MAP..-A_; o e

/ ! K

Condept mapp1ng is a means by wh1é% concepts and the organ1zat1on-

B of subJect matter can be represented Both students and teachers find. ;”

that the use of coﬁeept mapp1ng helps ﬁsee ‘the® subJect matter more. A&gjt?

clearly,: and learn that subJect matter more mean1ngfully " Two concept

maps have already been presented 1n this hundbook the metals concept

‘ﬁ b1ome’ F1gure 2 page I- 3 Both of these dem0nstrate the common

features of all concept maps and it is sugg tested thattyouprefer back to
them dur1ng<the follow1ng descr1pt1on : ' -f - 'T N '“ _.;
A concept map 1s a tw0¢d1mens1onal representatlon of a d1sc1pl1ne
or a part of a d1sc1pl1ne (Stewart vet al 1979) And 1t is this . S
feature that allows for the representat1on of the propos1t1onal |

P

(pr1nc1ple) relat1ons among the concepts This is a much d1fferent -

D oge

perspect1ve than trad1t1onal nove tak1ng wh1ch is one- d1mens1onal and

. map,i F1gure 7B page I1-9, and a more complex example on the ocean g ;:v"

: 1llustrates no relat1onsh1ps among the concepts The concept map not'fA'

b

~and g

only identifies .the major points . of interest (concepts) but also jfch
1llustrates the relat1onsh1ps among the cOncepts 1n ‘much the ‘same: way
the links among c1t1es on. aoroadmap are 1llustrated by h1ghways and‘

other toads.

Another feature of a concept map deals w1th 1ts representat1on
of the relat1onsh1ps among the concepts Not all concepts have eqUal .
we1ght. That 1s, some are’more 1nclus1ve than others For 1nstance,'“
the concept of "natural select1on” is. more 1nclus1ve than any of the

propos1t1ons that 1dent1fy that theory Thus we can- see that every

concept map should have at’ 1ts top ‘the most general most 1nclus1ve 'kﬁ-
concept ~and progress do:f through unt1l the least 1nclus1ve more - o

spec1f1c ‘concepts or’ examples are 1llustrated at the bottom of the

UThercean b1ome concept map ( F1gure 2, pagp I 3) 1llustrates ”Salt"
. ium Chloride" .as examples of "D1ssolyed M1nerals " . The. ”l1ttoral

zone" further down‘the map could have the "long Island shore"'as an

example AP : L 'f§

"

The next feature of a concept map is that of h1erarchy Whenptmo'

8

sfate



“are est abl 1shed for map construct 1on, ~Todiy scientists believe that the: tempcmlur(‘ of a picce

. rules w1ll have to be mod1f1ed and

‘adapted to the part1cular teach1ng

or more concepts are 1llustrated under a more 1nclus1ve concept,,a ..-.." \_ﬁ

LA I CcT
'CONSTRUCTlON OFjA.QONcEPT MAP.

'development Although general ru1es‘

-
h1erarchy is produced‘on the concept map Aga1n from pur ocean b1ome i
example the concepts of "sun” and "planktEn" are more spec1f1c concepts/
for ‘the’ process of "photosyntheS1s,'_and 1llustrates a h1erarchy of _
the ‘food product1on in the oceans.‘ In the metals concept map "pure""
metals are class1f1ed 1nto "rare" and "common" metals.l By contrast

the examples of "copper "‘"lead n "alum1num " dnd "1ron" show a l1near

relat1on to the concept of "common" metals, and thus no h1erarchy 1s

» v

illustrated.. 'f'u et A e "u C e ‘..-i “:;
,In add1t1on to the features of be1ng two d1mens1onal shOwing

-as pattern ‘of- general to spec1f1c, and lnd1cat1ng a' h1erarchy, concept

These features are more elaborate and d1s-V

maps have other featuge

J

cr1m1nat1ng FOr a. descr1pt1on of these other features see Sect1on V

o N

the Assessmentfof Student Constructed Concept Maps, page V 4.

. " Heat and tcmpcr.muc are Lloscly rclnted lluwc ver, they
: are not the same. The kinctic lhun can e vded to ex-
TO IIIUStrate the po1nts made N pldin expanding, - contracting, and (yh.mg,nu, phase. Can
the theoryalso be used to explain‘the. (hlfcrun(c hetween
héat and temperature?
constr.uct a concept map step b}’. Step . Acuudmg to the l\mctu_ th(-my, moleculu are 'll\vays
' '_movmg, Seicntists agree that a movmg, abjeet has eneray
so that you can See the features and because it is woving;; 3 THis ‘eriergy is called. Kinetic criergy.,
or energy of inotion;’ Sinee éach: mu]e(‘ule in a:picce .of
matler is moving, cach- has Kinetic ejjérgy. The kinetic en-
ergy -of -molecules is the l\cy l{ e\pl'uumg, tlu, (hlfercucc
lietween heat and témperature.” - '

- 'more clearly,;1t w1ll be helpful to-

procedures necessary for a'map's

‘..°,

of matter depeids. on_the average speed. of ity molecules.
the teaCher 15 adv1sed that these "+ 'in-any picce of mattér some molecules are moving faster |
) _tll.m others, If there dre more faster-moving mwoleenles
| han there are slmvcn -Hioving moleculcs llle average speed

A of the molecules in that picce of mattér will-be gréater. .
‘The greater the average speed, the higher the temperature.

51tuat10n of your cl assroom o . A enp of hoiling \V'ller*lp.ls a highev temperature, than a
’ J enp of warm water. The' difference in tempevature is due,
The concept map that Wll 1 be © ] to the diffevence fn lhc avdrage: kinetic energy of the, ol

“eculés of .watér in e.lch ccup: The water molecules in a cup

COHStruCted is based on the read1ng of lmlllm, water have more- kinetic. energy,<on ‘the average,

tO the r1ght ‘and 15 ‘taken from a . thin the’ water ‘moleeules in a cup of warm water. So- the
‘ | average. speul of the nmloullcs of hoiling water is greater
Junmor h1gh sc1ence text . : B tll.m the average speed of dlc mole(_ules of warm water. |
- ‘The amount of heat erergy n matter is thought of - as |-

SeleCt a read1ng from a teXt Deing the sum of all the amonnts of kinetic enerzy of cvcly

-

that 1s not too long.. At least at -

owlecule’in - that ‘matter. So the amount of heat in nmller
{ depends on two things: (1) the amount of kinetic energy’

flI‘St the read1ng should be short ‘of each moleeule and (2)- llugllunul)u of molecules.
s ufiﬁ"pf" L . “Figure g: Reading from ‘Blecha, Fisk,
0 i ) ) S ‘.1 . - and Holly. (1976). EXPLORING.MATTER‘AND
ERIC: T L g BNERGL PAGE MBS T
s o R S ' Jaid : . L ¥ : -
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——4~~——so—that.the concept map does not become too large and conta1n )

* too many conEEpts e e e
2. Identify the maJor relevant concepts that is, sc1encedconcepts byil.
',e1ther under11n1ng them in the paragraph or by wr1t1ng them indi-
;.v1dJQ§}y on p1eces of paper or small cards The relevant concepts '

for the read1ng are shown 1n F1gure 9 below

 KINETIC ‘THEORY . . HEAT, TEMPERATURE EXPANSION CONTRACTION CHANGE.

O PHASE MOLECULE MOVING, ENERGY, KINETIC ENERGY, MATTER, '
AVERAGE SPEED, 'BOILING WATER, WARM WATER NUMBER OF MOLECULES
LESS, GREATER.

N

Relevant Concepts from the Read1ng on’ Heat and

. F1gure. 9
P ‘Temperature . , T A :

3. Whlle the llst above generally shows how the@goncepts appear 1n the
.reading, th1s may not necessar1ly represent how the concepts are -
_nelateﬁ to each.other in the d1sc1pl1ne The next step then 1s to
- order’or rank the . concepts from the most 1ncluS1ve (general) to
" the least 1ncluS1ve (spec1f1c) Each read1ng, or section of text
gchapter or even the ent1re chapter should have some concept ‘which,
because of 1ts 1ncluS1veness, 1s.selected as the most geueral “or - 1nclus1ve,t
3; of all. the concepts presented Somet1mes though ‘the 1nclus1ve- -
ness depends upon the learner who uses. hls/her stored mean1ngs to
A deS1gnate the most general concept The examples will form the
\H ”_kbottom of the concept map. What lies between the most inclusive =
concept and the examples at the bottom will be. the 1ntermed1ate
' concepts. Although these are not arb1trar1ly ass1gned to. p051t1ons
‘;on the. concept map, the1r pOS1t1ons on the§map~are less cruc1al '
to ¢he overall functlon of the ‘map. " On.the next page is a chart
show1ng the range of 1ncIUS1veness of the. concepts presented in

“the read1ng on prev1ous page

;L T s




‘most inclusive KINETIC THEORY *

o EXPANSION CONTRACTION CHANGE OF
' vPHASE HEAT TEMPERATURE MATTER ‘

' AVERAGE SPEED, MOLECULES 'KINETIC
ENERGY, MOVING = . D

3 “ LESS GREATER
1east 1nc1uS1ve o

(exdmples). 'WARM WATER, BOILING WATER
cA w?;’.}“?". -
T .g'"F1gure 10 Chart “of Rank1ng of Concepts from the Read1ng on

Heat and Temperature

wE L IR e

A 2N
\ -

e
-

f~4; Now’ beg1n to arrange the concepts on a" table or p1ece of paper
T ,start1ng with the ‘most inclusive at_ the top, follqyed by the o
B next most 1nc1us1ve _: S ' Co
5. This’ . same procedure cont1nues unt11 all the concepts have been
~"1a1d out. The connect1ons among ‘the concepts must how be_p'
E estab11shed L1nes are used to c0nnect ‘the concepts and a
lstatement is written on the 11ne that indicates what the re1a-
: t1onsh1p is. between .any- two concepts "~ The completed concept
map for the read1ng on heat and temperature 1s shown on the
' next page in F1gure 11. : : _
6. The teacher 1s now encouraged to. exam1ne some of the teach1ng v
'mater1a1s they have and to prepare concept maps for short sectlons.
" of ‘that mater1a1 Pract1ce 1s the ‘key to good concept mapping: '
prof1c1ency w111 come as the map constructor makes a number of

[

‘attempts.




1.5

R — g
- 2N . CHANGE OF
EXPANSION ' CONTRACTION ' PHASE -

. DIFFERENCE MATTER

uaanq;q

T
v

— — e
" TEMPERATURE

: Jo. pasodmo,:')j

Figure 11:. Completed Concept ‘Map for . 0 Water . - Water.
o ~'the’ Readlng on Heat and Temperature . .

.
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‘There are some elements to a cdncept-map that“are not mentioned

in the rules for the1r\§gnstruct1on These are given‘to:facilitate.

the deve10pment of concept maps by both the teacher and the student

1. A concept map does not have to be symmetr1ca1 The concept '///
. ‘map -on page III 5 is. lop S1ded to the side"of "Heat" and -
(You_W1IL

) "Temperature." .This. should be of little concern.
‘ notice however, that'if'the cOncepts of "Expansi n," "Contrac#
: t10n," -and "Change of. Phase™ were developed in- the.same read1ng,~

that other s1de would have been developed morc completely.)

2 Remember that a concept map is v1sualIXAeff1c1ent. That 1s,

- it is a shortcut way ofvrepresentlng the concepts of the.i
d1sc1p11ne._ Thls should rem1nd us that, as we f1rst develop
concept maps, we f1nd that a f1na1 map comes- only after a few
‘tries. These attempts represent an effort to show the details

of concepts and the1r relat10nsh1ps in the most efficient. and -

.conS1stent way. . " o ’

3~ As you examine - the concept map on page III 5 more closely, you:

B may reallze that some of- the concepts are not in the same form
‘as they were ‘in the read1ng For in tance,_"Expans1on" and
"Contractlon" were changed from "Expa dlng" and "Contract1ng "
Generally,_lt has been ‘found that changIng the verb concepts
" to -noun concepts fac111tates the map s constructlon w1thout .

_ 1051ng any of the 1ntended meaning. T =. .

,4. It is somet1mes adv1sab1e to add certa1n concepts, ‘even ‘though
they are not "re1evant" sc1ence concepts. Their purposes are to
clar1fy the ;ntentlon of the’ map, and more fa1thfu11y represent
the form of the read1ng The concept "D1fference",wafladded o
for just these reasons ‘

- 5. F1na11y,‘1t must be remembered that there are’ no perfect or ,

~correct . concept maps, only maps that come closer ‘to the ~meanings

-

" 'of the concepts for the map maker and- others who read them.-

a - . . e . L —-
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—““S‘UGGESTIONS“@““T;EA?:‘H‘ING,- co_NcsPT‘. MAPPING: T
v ’-p In the 1ast part of this section on concept mapp1ng, suggestlons- e
- for teaching this techn1que to students 1is d1scussed The pacing of . ‘.
'; the 1ntroduct10n of concept mapp1ng depends ‘upon the local conditions

in the school the level of the student, and the d1ff1cu1ty of the )

"subJect matter o s o g

1 When concept mapping is. 1ntroduced it is advised that the
_ teacher make up the map pr10r to com1ng to class and hand
'R out copies to the students. Let thie students study the.map :
- along with their read1ng Thisﬂwill give them an' idea of
what a c0ncept map is, how it is structured, and how it can’
be‘used - o <‘ L .”‘
'2 When the students are ready to attempt ‘a map construct10n on
~ their’ own, choose a read1ng which 1s part1cu1ar1y short and

that’ conta1ns concepts that are fam111ar o the students

‘already. - . - "a' »
3. Instruct the.students to: 1dent1fy the major_-oncepts in the '.';;
read1ng, rank them in order of 1mportance, and construct the‘ u
- map from the 1nformat1on they have (It m1ght be helpful and ﬁ:"
1 1nterest1ng for. the students to: use small p1eces of paper'
~or "1x3" ;ards to wr1te the concepts on.” Students, in our -ff' i
.:studies "have 'said that mak1ng concept maps is-1like puzzle z .

f1tt1ng, and perhaps the teacher shou1d approach the task from

that standp01nt ) o " o o .jf
4. The teacher shou1d expect that there -can be reasonable d1fferences
iamong»concept maps that the. students develop ‘Not. all the con-.
cepts w111 be 1dent1f1ed - some will not- follow the: "general to .
fﬁ spec;f1c” rule, while others may have d1ff1cu1ty 1dent1fy1ng |

.T the. most 1nc1us1ve concept : As the students become more fam111ar
= with c0ncept maps and ‘their constructlon these d1ff1cu1t;es
Ausually d1sappear Students can usually produce very adequate
- concept after only a per1od of two to ‘three weeks of exposure’

~..- to this ‘technique.
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b.‘You may want to have students developma cOncept map.w1th—you«~—¥¥;f———7~
: on the chalkboard or ‘the .overhead pro;ector L
s 6. Somet1mes groups of students can work together and construct
| _a concept map of a sect1on of text material. The ocean ‘biome:
concept map . on page I 3. is an example of 2 c00perat1ve effort
. ipnl'by four seventh grade students o
o ’h7? As the students become more prof1c1ent w1th the constructlon of
._‘ . concept maps, the teacher should begin to ‘examiné” closely the :
f'" _*,f- v11ne connect1ons among thepconcepts on the: map . Because these '.“.
11nes represent the re1at1onsh1ps among the concepts, it is
1mpbrtant to assess the students' understand1ng of these
krelatlonships " Two forms of cr1ter1a have been des1gned to"
assess concept maps done by students One form has what can
be- descr1bed as . a 1arge "field of view" wh1ch attempts to g1ve . 't,.
an overall p1cture of how the students are progressing in the1r
L ab111ty to make concept maps The second form has a small .
>5’-}7 - "field of. V1ew" and magn1f1es some of.the features of concept
maps by estab11sh1ng more str1ngent cr1ter1a for the map s v
"assessment Refer to Sect1on v, under "Assessment of Student-'

Constructed Concept Maps," for these techn1ques.,\ R

I ,;\Ultamately, the obJect1ve is to have students coord1nate what
they have- 1earned about . concept mapp1ng and the . Knowledge "V” (d1s-
cussed in more deta11 in the next sect1on) Essent1a11y, a concept E
map -can represent the. left-hand, c0nceptua1 s1de of the "'V" and o
already you may have not1ced the correspondence between the terms
for concept mapp1ng and some of the terms on the 1eft hand side of
the "V"‘ R . I ) : s '

In the next sect1on, the terms of the "V are d1scussed .

examples arg. g1ven, and suggest1ons for 1ntroduc1ng and te!ch1ng ‘_.;_

the "W to students are prov1ded T




Iv THE KNOWLEDGE "v"" ;
EINTRODUCTION TO THE . KNOWLEDGE ”v”

‘~aBACKGROUND INFORMAT}ON AND DEFINITIONS OF
‘ ETERMS AROUND THE .: Vu R :

: USE oF THE V" As A PRE- TEACHING; TEACHING;'
- AND LEARNING TOOL ) -

~
v

SUGGESTIONS FOR INTRODUCING THE KNOWLEDGE v

" INTEGRATION OF THE "Y' AND CONCEPT MAPPING.,.

[} ' : .
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%*1NTR0DueTroNiTo;THE“KﬁothDGE;”vf e —

L The nature and organ1zat1on of cogn1t1ve structure not only plays

" la maJor part in our 1nd1v1dual learn1ng, but also forms the basis of
the. collect1ve knowledge in the sciences (as well as. othcr d1sc1pl1nes)
The nature of knowledge and the anal>S1s of knowledge can ‘be taught"'

s

through the use of Gow1n s Knowledge Ty Br1ef1y, Gow1n def1nes “two’
: types of concerns that arf used 1n conJunct1on w1th the intent of fu;,"j7 .3: -
‘reaching: or arr1v1ng at some knowledge claim. They are “the : conceptual“‘v"‘ T
':and methodolog1cal act1v1t1es .The" left hand, conceptual, s1de of ‘the-

-”V" 1nd1cates the- appropr1ate quest1ons to ask, and what ‘theories, pr1nc1-

'ples and concepts bear on that quest1on Th1s conceptual s1de 1s

balanced with a methodolog1cal side wh1ch 1dent1f1es what has been )

observed gathered and man1pulated in the laboratory so ‘that rccords

“and data: are accumulated to substant1ate the - knowledge claim. What - : _I:f{

binds these two act1v1t1es together are the obJects -and- events that '

"occupy the bottom of ‘the ”V" :" '

> . ' . 4 -

'

_ Nine terms’ are assoc1ated w1th the ”V" In the follow1ng pages,‘

‘these terms will be-deflned- and examplcs from actual laboratory _
"exercises will be given. lhenskdﬁeton form_of ‘the "V *and its accompanying -
T R R o
* terms - are given below. R

CCONCEPTUAL "= "2 "o METHODOLOGICAL

~ THEORY ~ 'KNOWLEDGE CLAIM

"
‘' CONCEPTS - * RECORDS -
| o »c
5 TLoce _ .:-7'. J o |
S EVENTS/OBdECTS 34 o

F1gure 12 Gow1n s Knowled e ”V" . ‘ . ' N

wll Toxt Provided by ERIC
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————BACKGROUND~ INFORMATION-AND-DEFINITIONS-OF- TERMS~AROUND THE-"V"-——

- . [ - . . . f
N

The 1ntroduct1on of the "V":1nto the c1assroom requ1res that the
teacher mod1fy some of ‘the def1n1t1ons that are normally used. Although'
there, 1s a great ‘deal of commona11ty from the. previous def1n1t1ons - X
assoc1ated with the S0- called "sc1ent1f1c ‘method" and the "V". some
c1ar1f1cat1on of these terms is ‘necessary. The follow1ng 1s written
‘to accomp11sh the task of - acqua1nt1ng the teacher with the terms and
def1n1t10ns around the . “V" and to facll1tate the smooth 1ntroduct1on
of” the e as a teach1ng and 1earn1ng strategy in the classroom. 'Two .
laboratory exercrses have a1so been 1nc1uded and w111 serve. as reference
po1nts as the def1n1t10ns are d1scussed ‘The first example is a labora-.
tory exerclse that was taken from a published laboratory handbook des1gned
for a junior h1gh physical sc1ence course. The lab exerc1se was laid
“on. the "V" for analysis by the class.- It is taken from the laboratory
"manual (pp 27-28) wh1ch accompan1es Blecha, et al. (1976) EXPLORING L
MATTER AND ENERGY. : BRI

.

- " METHODOLOGICAL (DOING)
KNOWLEDGE CLAIMS:

1. Washers lost heat to the
water. Water gained
- calories of heat.

2. Washers lost an equai amount
of calories as the water -
gained.

couc: TUAL (THINK_N )

FOC.US QUESTION: How many calories of heat are lost by
"hot* iron washers ‘when they are ‘placed into-a |’

THEORY? o
-Kinetic Theory of Matter

+ calorimeter?

PRINCIPLES: .- ‘17
1. Heat is a fom of energy
2. Heat is the measure of the 'mot.ion
- o&mleculep—in a. substnnce

TRANSFORMATIONS. .

-

# M2 - M1 = mass of the water ‘ .
8 3. A calorie> ‘i's 'the ‘amount’ qf heat”
‘ ‘3 ~needed to raise the temperature of Ty - 1'1 = change in temperature _
e o
s 21,08 of water L°C. R Heat Gained = mass of water x change.

in bempernture

4. an; o’f Conservation of Energy
[Change in- Heat = (M2 M X Tz-Tl)]

S, A themometer masures the - average.: speed
- of the ‘molecules. in 4 -substance.

RECORDS' o

67 A calorimeter 1S an_instrunent that measures \ ]
= mass of calorimeter =

N heat M
L - - - ~ 1
Mz * mass of calorimeter. » water = .
) o S T e temperature of water in calorimetﬂ
: CONCEPTS" ST . - " - before washers added :

, =shighest temperature of water aﬁter -
z hot washers added .

.-éVENT/ "Hot\washers pllaced in water ' '. o ) -

Mass, tcmpernture.,cnlorze, heat, energy, calonmeter,_"
molecular mot:.on, thermometer

OBJECTS:, in'a calorimeter. Record mass ' ' ' : S e
. 7. and change in temperature. . . o g ‘
. - o oy [ , o .
Figure 12. Sample”"V”-#l produced from an exerc1se pub11shed 1n ‘a
2 iy L ’
: £ o 1aboratory manual e ’_ RTINS .

ERIC . - -

PArunext provided oy enic [N
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The second example, 'forqthe'purpdse of contrast, is a laboratory

exercise- developed by a teacher for a seventh grade b1olog1cal

sc1ence course. ‘- . ' L o .

o . . . T o : . .
CONCEPTUAL (THINKING) ST e METHODOLOGICAL (DOING)

» TJEORY._ ) FOCUS QUESTION: - Using the -mi'croscope to observe vKNOWILEDGE CLAf,MS H '

"onion and cheek cells,. what is. the differenoe

"1. Onion célls and cheek
" ‘cells have different
shapes..

. Cell Theor)
‘in shape and structure between these

- " cells?’

. -*lot all the same structure*‘

v

PRINCIPLES:

are in the onion cells and
S o cheek cells. )
N 1. 2;1‘::1’;"3 things are composed 3. Onior cells contain more
: : structures chan cheek cells.
¢ 2 Cells contain structures which. per-

TRANS FORMATIONS : .

Summary ‘thart indicating what was recorded
m each type of cell.

form activities that benefit the
entire cell- (or organism).

."A microscope is an instrument that is -

7T

used to magm.'t‘y.small obJects.; . ONION o CHEEK
4, Staining is a technique used so that parts cen . -
of the cell can be seen more easily. cell. wall cell membrane
L] . . [ . cell membrane nucleus
- P _nucleus ¥ cytoplasm
. vacuole . geperally round in *
cytoplasm - shape

CONCEPTS v "brick like" shape

. _Cell cell wall, cell membrane, cytoplasm, nucleus, . - RECORDS : "
& chloroplasts, ‘vacuole, microscope, iodine stain. ' L. :
o C S Draw a pictur of the Onion cell and cheek cell Label

parts that werd scen under the microscope.

3

: L D EVENf/ Examination ‘of stained cells -
) 2. : oo OBJECTS: under the microscope: Draw 4
= . - - S pictures of cell, mdxcanng

internal structure.

Figure 13. Sample iy #2, produced from a “class1c" Jun1or h1gh biological v
- science laboratory exercise. = . . . ‘ :

. . e

L , N :
. R . _ ' T ' R Q

In our .work with junior high students, ‘we have found it helpful

~ CONCEPTUAL/METHODOLOGICAL SIDES - = SR

to use these two- terms in. coord1nat1on w1th two - other terms ‘that - the ;ﬂ,
A L
students are more f&m111ar w1th We can talk of the conceptual side

fas the th1nk1ng s1de, and “the’ methodolog1ca1 s1de as the d01ng s1de. T .
fWhether ‘the teacher wants to. use. %he "f1ve doﬂlar" words or the more o {5 '

common terms or both, ‘is" left as an 1nd1v1dua1 ch01cc.
» . . ) . .

-

Aruitoxt provided by Eic:
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hzlifv' A N o , o .wto an exam1nat1on of obJects and events :.j

v -

- _FOCUS_QUESTION

.
o The promotion of conceptual change is':f
'.§ y " Focus ;)' SR fostered by the: development of good ques- };ﬂ

e\ ~Q“35t19“%=.1" " tions. A good - question is, one, that leads uE

{

B3 *

\ R theory and concepts, so that new knowledge

f\ I S - 5Is constructed Thus, a good focus ques-fV

R ’f\-. { R 'ftlon will, ar1se from the~exam1nat1on of the

\ /. 'A..concepts that a student has w1ll steer the f.:f
A : "methodology (r1ght hand s1de), .and w111 ”I_ '
. .eventually lead up through the knowledge.,{ o
cla1m. New knowledge c1a1ms enhance the
meanlngs of ‘the concepts, pr1nc1p1es, and. theor1es. As each knowledge
claim is collected it .can Tead to a ref1nement of the cdncepts used
to form that knowledge cla1m. " But what is the functlon of the focus

quest1on in all of th1s¢ “The focus quest1on 1nd1cates the krnd of -

.knowledge cla1m that w111 be made, what concepts and pr1nc1ples need .

to operate in the 1nqu1ry, and should ‘suggest the maJor event thht

will be examined and recorded - In bur example of the d1fference\between
on1on and ¢heek cells,‘the focus quest1on 1nd1cates clearly what con-

cepts are be1ng used (cell dlfference, structure shape on1on,L Vand

-cheek), and the maJor event of that 1nqu1ry (look1ng at these cells .

w1th the m1croscope) naf: u"- %f ) ST _k”g

e

Of course, theére aré Several kinds of quest1ons that can-be asked
as ‘a focus quest1on. In some laboratory exercises, the quest1ons only

asks fd’r a "what'yfor 1nstance *"What ‘is the. d1fference in structure

" between onion cells and cheek cells7"':In these cases, a S1mple .
. 1dent1f1cat1on of someth1ng is’ requ1red To ask by contrast "How IS
’the structure of a cell related to 1ts funct1on7" requ1res a d1fferent

operat1on. In th1s case, “the quest1on asks for somegklnd of descr1p<..

tlon, not an 1dent1f1cat1on. B E B ,:?k= : ; '? : _~’fﬂfﬂa

Another k1nd of questLon that is 50met1mes asked 1n the laboratory

exerc1se is a- "why" quest1on. .The funct1on of th1s k1nd of question is

to focus on not an 1dent1f1catlon or.a~descr1pt1on but;an explanat1on.

“ R
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jiff_ ~In” th1S“case, more than “any” other s theory or some theory hound
. pr1nc1ple must, be used as a conceptual 1ngred1ent of the 1eft- hand y:
s1de. For 1nstance, to ask, "Why are onion cells\d1fferent than .
cheek cells?" or "Why do the hot washers g1ve up heat to the water?” .
requ1rés that we bring to the knowledge cla1m some explanat1on that is -

~conS1stent w1th the theory that is 1dent1f1ed on the upper left hand L

_side. . = - S EE S 5

From th1s, -we can summar1ze two funct1ons of a gdod focus quest1on..
'.F1rst 1t.focuses upon the concepts, pr1nc1p1es, theory, and event that

will be used in the construct1on of a. knowledge c1a1m Secondly, it

:focuses upon the kind. of knowledge c1a1m that is tb be made as we ask - ;,
. Lo . ) . .
"what 1 "hOW " or "Wh}’ " _ : . o ',;; . ’.
S - ”f"OBJECT~ . E .
.5\' ' ;ﬁ:-cTVL _ i/;' L "ObJect"v1s one of the terms that 1s
- \ Jh Focus. / :'p def1ned in a,spec1f1c way when uS1ng the 1
~k: AN '_Q“eSFIQ"d~lt f‘,t- myr, Closély“reﬁated to the "event "the

‘obJects are% ”ey ?rngs in the 1nqu1ry that-

;aIlow the event?to?occur.f In the examples
g1ven preV1ously, the obJects are the _
microscope, the cheek and onion cells, the - .

calor1meter, the the;mometer, and the water

Tt in the calor1meter _ o h
_ o?iéé;".-.r ~ . We can also d1st1ngu1sh the ‘key obJect off.
.f? .,ﬂ: E f}i _ - the 1nqu1ry from obJects that - are relevant
but less central to our focus quest1on The key obJects of ‘the ¢ell -
, exper1ment are the on1on and cheek cells.. Thenucrosco 1is an_obJect
" we need to perform our observat1ons and to: make our eCords" o

. We w1lI\return to-a conS1derat10n of obJects 1ntho places further

ton in this handbook When we cons1der the Tpvent” of an 1nqu1ry, the -
;;“'obJects will be drst1ngu1shed from the ”event." Also, ‘when' "concept” is

o

'“d1scussed and def1ned _the d1st1nct1on between "concept" and “obJect”
will be e_xam1ned.~ I . - o

Aruitoxt provided by Eic:
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Uy I

——EVENT

e , : .
_ ' .,' o Even though we can, talk about future
\" Focus . ! ""events," ‘an. occurrence is not-an actual
S . o
\  Question .. levent unt11 it happens or unfolds and we .
N Y 195
Y jip' ./’ ‘can- take a record of 1t Thus, we, can
\\v.vif? ﬂ.) ", fconceptua11ze ab0ut and plan for our next ,
T 5'1:b1rthda or an e er1ment to.be done, but v
\ .t o Y xP :
\ it is not an. event unt11 it beg1ns to occur, s
N S
\\? ¢t T e Events and obJects are related 1n that
'-“\v(_ - 'f_ ) obJects are always 1nvolved in an event
ObJects/ . - ;and may even be - ‘the' event itself (for in--
- Evént -‘3 L stance, exam1n1ng  tree rings to determ1ne

Loe

wthe obJects..

'event. What was there so that the event cou1d occur?

-the'tree'sfage) 'Look"hack over the procedures from the laboratory

exerclses you have taught _What was g01ng to occur? Th1s is the maJor

v o

In the two 1aboratory exerc1ses g1ven as examples,,the maJor event

appears at .the bottom of. the "V" for each ~In the lab 1nvolv1ng_ }

Jon1on and cheek ce11s, the maJor’event 1s to look ‘at. sta1ned mounts of

or the event may be occurr1ng ‘and" we, “at some t1me, come upon it In

maJor event is the pIUng1ng of the hot washers into the calor1meter and

v ! -

R

‘Events can’ e1ther be made to happen (as ‘in fhe two examples abovel,

e1ther case, theé event is the th1ng that we take a recordﬁofr-—Th1s

gThese are-generallfhy

~these cells under the m1croscope, for the lab 1nVOIV1ng—heat loss, ‘the ,;}Q_

'recordlng the temperature change.~” - j-,_ Sa T

'will be exam1ned a 11tt1e further on._f" o .ﬂ‘ff?vV'M i -
o . Ly i ; . _=.=. . ’ 4'
: CONCEPTS f-,] T ti#j;!@*-“

ﬂ1mperat1ve that the student and teacher understand what a concept is.”

iy "

" To understand the conceptual 1eft hand 51de of ‘the "V", at 1s
Concepts refer to regular1t1es in events or obJects._ For example, the -

concept of "cell" wh1ch 1s used in the exper1ment with onion and cheek

N,

~ . ) . . -

¢

: ce11s has certa1n regular1t1es that d1st1ngulshes 1t from other obJects.,H S

C
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v".

- .7." N 7f J_f; = ' = ot*all*on1on cells*are“ldent1ca1‘and

E / “not all types of cells look al1ke ~._ut:'“

,’ '44.there are en\ugh common features or regular-
Coities- among all k1nds of cells so that the
"d~concept "cell" can be used for a number of

4 ;examples. In b1ology, the use of the term

- Ff*ﬁ‘"typ1cal cell" po1nts up a11 ‘the regular1-

. ties that can be found, generally in cells:

SRI L In the experlment on. heat loss), "calor1~,

S e e IXE%ent;('lff“ ;"meter" 1s a concept used to. des1gnate the . oo
biff‘f':’; :r,i“jm'f'"57’ffiu_;}the 1nstrument that w111 be: used ‘to ‘mea- - o
sure thezheat loss by the, hot washers. For Jun1or h1gh -school, the'. S

calor1meter used 1s a very s1mple one, be1ng made of one styrofoam cup.
1nS1de another, a top, and a thermometer ' Th1s is, much d1fferent than
“the’ more sophist1cated calor1meters used 1n formal SC1ence laborator1es,
‘but the. 51mple calor1meter shares enough regular1t1es with the soph1st1- o
cated type to- warrant that name of "calor1meter " w_g;ﬂ

The f1na1 po1nt to cons1der about concepts 1s how they are denoted

;j NLanguage provldes S1gns and symbols to des1gnate the concepts S1mp1y
PR h the S1gn or symbol of a concept is 1ts name. Explore some of the

k1nds of symbols and. S1gns that studentsuse 1n sc1ence class and eXam1ne

the regular1t1es that- those s1gns and symbols denote. You may also want

<o

%

to return to the cons1derat1on of mean1ng wh1ch was d1scussed 1n__"

Act1v1ty #5 on page II lO o _;;,'H*-‘ﬁ ",';ﬂ..”

SRR -\ - cL L 5 AURAN -
R ?j SN ‘“ff"‘/lﬁl|‘ Pr1nc1ples f1t rLghtabove concepts onw -
i\ Focus ., the left- hand s1de of the "V" A pr1nc1ple

'uQuestion-rl'r

-1s a conceptual or methodolog1calgfule~wh1ch

gu1des the inquiry. Conceptudl pr1nc1pIes

(13 RN

" may find the1r source from knowledge

2

‘claims of some prev1ous research There
have been several examples 1dent1f1ed éf J
"'“f_fflth1s handhook Heat is. a form of -energy,

,.

”?3fCarhon ledec l\ given oﬂF dur1n5 fermenta— -




I RPN N

t1on, and As ‘the temperature 1ncreases, the rate of fermentat1on also -7
1; 1ncreases : Each of these were constructed as 'a result of perform1ng o Li.' :}
“an emp1r1cal study o S _ ' .
. f1 Conceptual pr1nc1ples come . also from theories. : Theories‘contain a
ki : pr1nc1ples, as pr0pos1t1ons, wh1ch state the relat1onsh1ps among the
»concepts that the,theory attempts to relate An 1llustrat1on of th1s'g 2

relat1onsh1p among concepts pr1nc1ples, and theory w1ll be d1scuSsedv s

below .in the sect1on on "Theory "o ;

«~ 7 . There are also methodolog1cal pr1nc1ples wh1ch as the name : (-g.;.
,}[suggests, gu1de us pr1mar11y on the r1ght hand side, of -the uvn .Té

. state that a thermometer measures the average speed of molecules in ﬁgf "'éﬁﬁ

. a substance is a methodolog1cal pr1nc1ple der1ved from a theory: gu1d1ng' S

- the use of . that 1nstrument ) In the act1v1t1es reported Prev1ously, trY”di‘

.to pick out those pr1nc1ples that are methodological and those that are"

- E'

‘conceptual . i
?\\\\_. L o

1

THEORY . . it
. R ,,4;7_ o < ‘)"' ‘ - A ‘

Theoryi. Focus :-.;/Z ”yvdlct the 1nteract1ons ‘among concepts,,,”v\_. B
e Quest1on / - . event and knowledge claims... Theories, -~ '
o L '-;/ o ,are;lab s, but these labels are not the ”h o
N Principles '/I ~ _theories t nselves. The. theory encompassesffy:pn
jf | ke U the’ relat1onsh1ps among the. pr1nc1ples'aﬁd o
| COncepts A\ J( - . concepts of that theory , L L@uf,w
C-'r“v C Perhaps the best“way to. 1llust¢ate
R ‘iiOhjects/f - ll uhow theor1es work is'to prov1de an'erample v
_Eventf_.d- - of theory and. 1ts relat10nsh1p to ¢« ncepts
' N . and principles. . - o T
- o ExpanS1on 1s a concept that ‘denotes the regular1ty of a substance t

1ncreas1ng in volume wh1ch is caused by some agent The calorrc theory
of heat stated that heat since it was a "fluid ”ranfused 1ntb the ﬁ“',v. "

X

pa substance caus1ng the 1ncrease 1n volume Th1s illugtratgs,the,rela,’ -

“ > !
A R . BT . .o . v
: . ,




C et

' tionship amongAtheitheory (caloric theory),:its'propositions (heat“isf
a flu1d which moves from hotter obJects to- colder obJects), and the
__concept (expans1on) But the calor1c theory could not expla1n all
I -the phenomena assoc1ated w1th heat and heat transfer Fr1ct1on for
1nstance d1d not eas1ly f1t into the calor1c model of heat. T

Another theory, the k1net1c theory of matter replaced the older ﬁ.

theory, and stated d1fferent pr1nc1ples and d1fferent relat1onsh1ps '
~among concepts that more adequately exp1a1ned the phenomena of heat

The k1net1c theory ‘stated that heat was not ‘a substance that moved from
‘one body to another, but” was the- result of moleculaxr mot1on w1th1n a ;°

- substance. Thus, the heat energy in"a substance was d1rectly related L

. to the molecular motion within that substanEe The concept of expan-
" sion was explained in terms of the .molecular motion. As more heat

was added -to ‘a substance, the space between the molecules 1ncreased

Th1s 1ncrease caused the increase of volume of the substance, that.

is, expanS1on ST L ”.'

" In many 1nstances in a yun1or h1gh science class the theory that

;'stands beh1nd the subJect matter may not be ev1dent to you or the

. students Therefore, there. w1ll be times when you w1ll not be.able. “ _ #}‘
- to fill in’ th1s part of the "V, However it is 1mportant that students '

ire311ze that some theory does 1ndeed operate in the explanat1on of

'events

vand the pred1ct1on of new knowledge

Lhenlo 'RECORDS-*""H‘;" e f,,

B

In order to ‘be ‘a record we must take
our ‘senser percept1ons of obJects and eventgﬁj
’;iFocus vz and ro uce them 1nto a relat1vely permanent
EQuestion A 0 form wh1ch can be conveyed to others. The “U

' take the form of a wr1tten docu--

iTheory

S - o record ma;
' Er1nc;ples» s '/-"' ' ‘ment a photograph or a tape record1ng
. The records of the on1on and cheek cells

: Concepts .RecOrdsf ' laboratory exerc1se are “the d1agrams that

the, students prepared In the heat loss
N ';exper1ment the students were 1nstructed to.

Objects/ S o

Event . . S o

r




R A S
rooord the . ucmpo aturc of thc water 1n the calor1meter before and

pe aftor ‘the' hot washcrs xerc p]ungcd 1nto the water Other recordS"

about the mass of the water and calorimeter were also 1ncluded

, ) It 1s 1mportant to-realize that a record is-made about the

events and obJects, not about concepts. £

We can take a record of
o a thermometer reading, or draw a cell,

but we cannot make a record
of the concepts of ”temperature" or "cell "

°

l ¥ .
N
h

TR :
: . . i TRANSFORMATIONS : =
. L s Asc“““aprobah1y realize fron the. two
s “* .. Focus. /... examples glven ‘makin recordS Of srenss
Theory Question T - - 7 :

and obJects does not complete a sc1ent1f1c

Transfor- - 1nqu1ry Inc sc1ence these recqrds are- often
mations

reorganlzed or rearranged 1nto a more
Records manageable form.

>rinciples \

"Conceptsf When’ th1s is -done,
: transformat1on is. per ormed
" -

a
The type of

. knowledge clain- determines the type of -

' Objects/ -gransformatlon needed
Event

. . o ‘The. d1fference between records and
R L
T e

: ,‘}’ transformatlons are often subtle. Generally,

a record can be made‘%f some sense percept1on, such as read1ng the
;;Epgrature on a thermometer. A transfof%at1on reQulres some - type of

nipulation of several of these sense percept10ns, such as comput1ng

the d1fference between the temperature before and after ‘the hot washers qi~.
are plunged 1nto the: water e o SR ‘

Transformat1ons tan take many forms, and may 1nvolve several steps.
The most common in sc1ence and 1n SC1ence classes 1nclude graphs
-s1mple d1fferences, charts, stat1st1cs
more records.

studehﬁs

or any compar1son of two OTr
You mbght want to d1scuss th1s further with your .
1nd1cat1ng or sol1c1t1ng from them examples
transformatlons found in the work that they have done.

Examples could
L e M p
{ﬁcome fro”“ verydaﬁ experlences or fro

m preV1ous laboratory work
i
- T ,
S AN ‘a.’43
ERIC: . . g T e

t

of records and
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: ciples

- Concepts

3

T _"I\{-l‘l

_KNOWLEDGE CLAIMS

-

There are two th1ngs that knowledge
o , cla1ms do. F1rst they are the answers
Qﬁggzibh .Knowledge to. tHe. focus questions that were ‘asked at .

S »Cla1m the start, and as such, prOV1de 1nformat1on

Second, they can suggest new quest1ons that

./ Transfor- . cap lead to new investigations. ~ - ,
- mations

ST Knowledge cla1ms come from the 1nqu1ry

Records - that has lead to those knowledge claims.
“ ' They must be cons1stent w1th the focus f '

' . T uest1on, concepts,  princi les, ‘obj ects,
“Objects/ . 1 - S _P -P P. J ;
Event . ' - events, records, and transformat1ons that

preceded 1ts construct1on. In 6ur'example

_of the on1on and cheek ‘cells, the cheek cells were cla1med not to possess

vacuoles This was. done because the observer, ‘using the m1croscope

.did not or -could not detect vacuoles in those cheek ¢ells. To state

the claim that. cheek cells, or an1mal cells in generaﬁ have. vacuolesfj

:requ1res st1ll another 1nqu1ry, using perhaps d1fferent representat1ves _~“
of an1mal cells or a. stronger m1croscope. It is’ this act1v1ty --_ "

‘real1z1ng the l1m1tat1on upon -the knowledge cla1m made -- that spawns

- new quest1ons.and.further investigations. S e

LT o . ) g .

To fam1l1ar1ze yourself further w1th the structure and functlon

of the knowledge "V" take a look at. several of _your own laboratory
;exerc1ses and "lay them on the. 'V" ‘It 1s only through th1s act1V1ty
" that you can fully . comprehend the S1mpl1c1ty and power of this dev1ce ’

both as a pre teach1ng tool and a teach1ng tool

-

o

44
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USE OF THE v AS A PRE TEACHING; TEACHING; AND LEARNING TOOL

'"_ ‘. - The versat1l1ty of the knowledge "y becomes ev1dent as the range
of possibilities—for 1ts use. are exam1ned In our ~work ‘with the "V"
we have identified three ‘different areas for its use: - it is' a pre-.
teach1ng, teach1ng, and learning tool o R
~ As”a. pre- teach1ng tool - the "V" prov1des a strategy to-analyze
laboratory exerc1ses pr1or to 1ntroduc1ng[them to the students.,zThe s
teacher can take an ex1st1ng exper1mqnt ‘and, us1ng the "V, determine -
1f ‘that exercise is. structured in such a way that it can facal1tate
. mean1ngful learning. -That 1s, the "V" allows the teacher to asse5s'*
- what concepts the students must know before beg1nn1ng ‘the experlment
in. order to make sense ‘of the exper1ence Further, ‘the "V can be”
used as a dev1ce to construct 1nd1v1dually des1gned laboratory exerc1ses
for classes. Lo C S R ' ‘f*?‘"' "
v If it 1s kept in mind that the "V" is pr1mar1ly a strategy for - - .';~
=analys1s, by ask1ng certaln quest1ons, the. teacher can- analyze a K
. laboratory work In a manner of . speak1ng, the teacher "unpacks" the _
* .; work to examine 1ts const1tuent parts CAs- the teacher unpacks the 'L'
‘_. exper1ment ‘the "V" iswused to answer a number of quest1ons about the
Il}f structure of the work For these quest1ons, you m1ght want to exam1ne
the cr1ter1a, both general and spec1f1c, that are presented in. -’"".‘-

"Assessment of Student Constructed 'V's'" On pages V- 12 through VE17

,h 1n th1s handbook 4 :{]N_ T . S
Asla teaching tool “the "V fits nicely into what 1s trad1t1onally
known as the laboratory d1scuSS1on It can. precede the actual labora— ‘
tory experlment‘—where the left hand, conceptual, side m1ght be completed ’
" as a form of summary to Te- cap what the student. alre\ﬂy knows About
- the task at hand Ind1cat1ng what k1nds of records and transformat1ons
_that w1ll be'made could fac1l1tate the smooth movement "of the lesson ;i, Fooe
SO that as l1ttle t1me aSaposs1ble is expended w1th methodologlcal -
problems o i l“‘ - A ff ﬂ Lo
The "V" also has versat1l1ty as a gu1de dur1ng thelexperlment : 'W‘Zl.f

A part1ally f1lled Ay in front of the student dur1ng the actual runn1ng

o gy
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"of the” lab and record collect1on can give the student @ short hand ';,
. approach for determ1n1ng what to do next ' .\,'-1‘% -
And. f1nally, the V"’ has worth as a summary techn1que after the
-1'exper1ment has’ been\completed _As such the student can see where .
’h1s/her knowledge cla1m came from what baS1s it had 1n the cancepts ”j N
“that occupy the left hand s1de and the methodology on the . r1ght-hand. :..-
,S1de., As a summary dev1ce ‘thé "V” can’ be d1scussed as a whole class ' |
act1v1ty, where d1fferent groups of students compare results and ”;b__'-f
rknowledge cla1ms and’attempt to d1scuss any d1screpanc1es in -the- A
"f,;results. o “.3 ' L fft;;- . _.‘- L
’ * Many teachers requlre wr1tten laboratory repOrts from the students' v

'"These reports usuall‘n ummar1ze .the. experiment and also 1nd1catg certain
1nferences -that . follow from the ‘work.” done in the exper1ment . The ”V" - N
can represent the- short“ﬁand~§orm.of that: report or the teacher can’ ¢

opt to have: students prepare "V's'" as the outline for an extended

»laboratory wr1te up.,- o . v
- ' o <R ;
Throughout th1s ent1re handbook there have been two themes that
.haVe been developed about the "V" and its relation to educat1on . F1rst
than the ”V" is a. means of unpack1ng an 1nqu1ry, and is therefore a
method of analys1s. Second the nymn prov1des a p1ece of knowledge about
'i.knowledge creat1on : If these two aSpects of the "V are kept 1n‘m1nd
'_then ‘the use of the iy as a learn1ng tool becomes apparent ~ By pro/' /.
:1vrp1ng a means of analys1s “the . separates and 1dent1f1es the maJorJ
concepts and pr1nc1ples that are used to sort ‘out.. and create the know--
ledge. ThlS 1dent1f1cat1on of what 1s requ1red to make sense of thetqgs'

5 o g
' :exper1ment prov1des the means by wh1ch the students can 1nd1cate what -, ooatn

u%tufl.,concepts they already know how those concepts are related to-‘each . :
'”other, and how ‘this l1nk1ng of ex1st1ng concepts can br1ng about new "Hﬁlﬁ’

j-knowledge and new concepts ” This 1s tlghtly cons1stent w1th the theory
.of . learn1ng developed in Sect1ons I and IT 1n th1s handbook Thus the}_;

‘f'Q-"V” long w1th concept mapp1ng, can prov1de strateg;es for’ mean1ngful ~-!!
‘ ﬂ learn1ng c ;f * '.- . S .f o Yl . A
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i:_;_fi However the versat1l1ty of thé e does not.. stop there In essence
- 'das we: tcach the ”V", not only arc we teach1ng for mean1ngfu1 learn1ng

'.of concepts,. but’ also teach1ng for the mean1ngful learn1ng of how ‘know-'

'ledge is'made. Wh1le it is 1mportant for. students to learn what the N
accumulated knowledge of sc1ence 1s another type of 1earnrng is’ gomng

';1*. on as- the student uses these strateg1es -- that is, how sc1ence is con-

,'J{““structed Students learn what: counts ‘as- a concept how theor?es work

'"i;an prov1d1ng explanat1on, how concepts change over t1me what ‘are the _ ‘ ;
"1ntellectual comm1tments for record mak1ng and transformat1ons, nd_the'
"'Q,l1m1ts of the cOnstructed knowledge of the sc;ences. They- come to ’

A, real1ze that knowledge is the product of 1nqu1ry And ‘that 1nqu1ry
I comes about as a result of the 1nteract1on Sf the conceptual structure
we' possess and- the ' methodolog1es we choose in. theetask df bu1ld1ng :
that knowledge. o _fgul“;*%: S ]“ ’ '
’ L . . ~.’="*;5' el :
;o - o LY ) o ". : . ..‘b- .Q"_'V";‘ . :
s Tt - T
[ ~ - N B . i . o :
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_SUGGESTIONS FOR INTRODUCING THE: KNOWLEDGE ”v”

. G1ven ail this 1ntroductory mater1al on the "V" 1t is als0'
,“necessary to.discuss some pract1cal aspects of 1ntroduc1ng the’ "V" 1nto f‘
]the classroom. These 1deas are. presented to fac1l1tate the smooth 1ntro—

i-pduct1on of the "y

~and also prov1de opt1ons for .you who w1ll ult1mately

iwhat is best for your students

A%

. make the dec1slo (o}

Sy

‘-j'l; Do . not present the ryn and its accompany1ng terms out of -

A c0ntext That 1s .don't Just teach the terms abstractly @;".
The A should be introduced with respect to a’ laboratory '

o exerc1se done, a demonstrat1on completed or some other

relevant mater1a1 tf;ﬁt?"{.".

2 Don't worry about the structure of the yn” 1mmed1ately CAs ;

st

" you and the class perform laboratory exerc1ses get them used

~

to us1hg the terms . of ‘the "V"3?— "What 1is the. record of this

exper1ment?" '"What is the focus quest1on?", etc.,

+

3 When the time is appropr1ate and’ the studénts have a good j Ahi f
understand1ng of the mean1ngs ‘of each of the terms the
structure of the ny can be 1ntroduced In’ some classes,

you . m1ght want to’ complete some of the "V" for the students '

<

hav1ng't em f1n1sh the "V" as a. result'of‘hav1ng completed

3

the laboratory exerc1se In some" other classes “you m1ght

‘want the students to complete the ent1re AL Slhat w1ll be

. .up ‘to you o B : N
TR, As the students become more fam1l1ar w1th the "V", you might
g want then’ complete the left-hand s1de as a‘pre lab and/or SR

homework ass1gnment o l o :(,J'm )

5 Large poster boards of completed "rs g could be placed upJ,
_ around the classrqom,'a list of.the theor1es and maJor
;’4; . pr1nc1ples used in class could be put on a- bullet1n
| board also eoncept map‘_could enhance the conceptual

g_nature of the program Not only w111 th1s g1ve studentg}:;mb"'

.......

J'-.'

.v handy referente sources but w111 also re1n orce the:np—ki

t1on of conceptual teachrng and{learn1ng

-.7 Lo ) i"|‘
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A INTEGRATION OF CONCEPT MAPPING ‘AND 'L'HE KNOWLEDGE v @

_ The f1na1 Rart of the knowledge ny sectlon relates the two strateg1es o

. d1scussed in thls handbook -- concept mapp1ng andv%hU’WV" It has alread;\\‘\~———~
, " been; suggested that - the left hand conceptual s1de of the "V" can be

; 3 '_f'represented by a concept map The- concept map ‘has the purpose to con-

-ceptually gu1de 1n1t1§1 and’ further 1nqu1r1es through/ﬁhe formatlon of

‘. .

¢ good focus quest1ons

RIS . ,f". Ta
How can var1at10ns be obser-

‘ved, in 11v1ng th1ngs°

Variations exist in. the
number of bean seeds in
bean pods. '

L L

1

Seeds/Pod.‘

P

T v T

_Number of

r T T v

Pods having the same nu

B

overproductlon 'varlation limits ~eEZ;:Z?_ of seeds
e ' , ER « _changey. - - ¥4 Record the number of seeds in
wo SO ° % ,ia» ’ eachhof“the 20 bean pods.
5" of fspring 3 11v1ng food. R L £ b L .
L A thangs . L _
A i - _.space_. . %X .
oo T ‘Count ithe number ” )
e '_; of bean seeds in ¢ .
L . ’_ e twenty (20) pods. ; .
. -.% Figure'15: Integratlon of Concept Mapp1ng and ‘the Knowledge "V" Exercise is

~ . adapted. from Kaskel, et al. (1977) L1fe Sc1ence A_Learning,Strategy .
for the Laborat y pp 31 34 "‘ S T R

B . 3

T ' Us1ng ‘the concept map and ”V" above the quest1on could estab11sh
.:jqfﬁthe relat1onsh1p betWeen two concepts that are represented horlentally
on the map, e. g hbetween "11m1ts ‘of ‘ood” and "enV1ronmenta1 change A v.s‘-f‘~. ¢

" Or the questaon cou1d ask whether(n"concept is subordlnate ‘tQ another
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focus quest1on then sets the stage for the 1nqu1ry and prOV1des the key

for mean1ngful 1earn1ng

- As each focus ‘question is answ:red,sthe R
. conceptual structure of that part of the d1sc1pl1ne grows” for the student,u~55'

ERIC

Aruitoxt provided by Eic:

»fapproach the evaluat1ve instruments are somewhat d1fferent than what

of these areas:

»and his/her knowledge becomes more complete and more- complex.-

In the next and final sect1on, 1ssues of evaluatlon are d1scussed
Given the psychologlcal and nature of knOWIedge or1entat1on of this

is- usually used in science classes. CIear cr1ter1a for assess1ng studentS"

.ab111ty to use concept mapp1ng and the knowledge "V" has been devised to .

assist the teacher in determ1n1ng how yrof1c1ent the students are in each
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’EEVALUATION SN

[
L

Ea ASSESSMENT OF STUDENT CONSTRUCTED CONCEPT MAPS

EVALUATION OF KNOWLEDGE V IDENTIFICATION; o
DEFINITIONS; AND EXAMPLES OF TERMS o ,

:ASSESSMENT OF STUDENT CONSTRUCTED V'S"

" USING THE V"IN SEQUENCE

'INTEGRATION OF THE V AND CONCEPT MAPPING

. CONCEPTUAL QUESTIONS: USE OF THE v AND -
CONCEPT MAPPING o T,

-

(I
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e
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Mater1als for evaluatlng c0ncept maps and "V's" have’been dev1sed o
‘‘that are cons1stent w1th ‘the - 1nformat1on ‘and background g1ven 1n th1s e

Although these mater1als have ‘been d1v1ded 1nto var;ous _ . )

. handbook
‘parts in. th1s sect1on, they actually work together to‘g1ve the teacher

Befor'.each evaluat1on method is” g1ven, a descr1pt1on of what 'nt.g o
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: ..ASSESSMENT OF STUDENT CONSTRUCTED CONCEPT MAPS

° e

"“ Several tcatures that characterlze concept maps have already been kl
fd1scussed e Sect10n III:- they are two d1men51ona1 they proceed from :
ngeneral to spec1f1c, they show the. re1at1onsh1ps among concepts, and - _L;A

they ill&strate_some h1erarchy among the concepts G1ven these features

“‘erg it 1s not d1fchu1t to- develop some forms for assess1ng the concept

'maps that students complete.' - " {;;h;hif L e

, ‘¢r~ Two forms for:. assesS1ng concept maps are prOV1ded on the next

o, few. pages The f1rst form (A) 1s de51gned to gLVe a "large f1e1d of
5V1ew " prOV1d1ng the - teacher W1th a qu1ck overV1ew of maps. The*'
asecond form (B) prov1des a more comprehenS1ve sca11ng ‘of’ the features

"of a concept map, 1nc1ud1ng some features. not already mentloned ~.Ofw}'

b ——

_course, the second form requlres a greater am0unt ofﬂtlme to. use Pro N

perly, but th1s 1s welghed aga1nst the advantage of thoroughness
,Further the more comprehen51ve forg 1nd1cates weaknesses in the maps, -

'and can thus suggest future 1nstructLona1 needs o R
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- GENERAL OVERVIEW,FOR STUDENT-CONSTRUCTED CONCEPT MAPS. (FORM A)

d Are re1at1onsh1ps between e
concepts. 1nd1cated on line:
and are they: ‘¢ontent correct
that 1s va11d7 ' :

'2u,Are the concepts ‘arranged.. = .. [
~ from genéral ‘to specific?; ., = . . Lo N o
- (Look for the most inclu~ _W° JSENEE

" sive concept at the top; ) v Cohe
examples at the bottom ) o)) )

Ll

3. Are: the c0ncepts Tinked? e o b

":.(Look for lines between:. .. =~ Lo
- the’ eoncepts.T The rela- :' Lo
_t10nsh1p between concepts R o : Lo L
_'should be indicated. .That [ e Tt S

L is; something should be G - Lot

' tﬂwrltten on the 11nes S RN )f:j(}* o

e

" ¢4, Is the map hierarchical?
. % " (Look for more inclusive . - o
'~ . concepts connected to' 't It o,
. - two or more ‘lower. or . L s .
"“,‘subord1nate concepts ) D G R o

W oo . *
Wae . Al

~., Figure 16. General Overv1ew f0r Qu1ck Scorlnz of Student anstructed
e Cohcept Maps.- Soe “ :

= .
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COMPREHENSIVE FORM FOR ASSESSING STUDENT CONSTRUCTED CONCEPT MAPS (FORM B)'“->

“additional. féatureskreflect a’mo
~students develop They shou1d be used only after the students have had

In this form, the features of a concept map are expanded 'Ihese ‘
x;dpomplete view of  concept ‘maps that S '

enough exposure to the stratng: and feel conf1dent to expand the- strateg&

Ignore all parts.of the map for relat1onsh1ps cr1ter1on if no relat1onsh1ps are

expl1c1tly 1dent1fxed by proper label1ng of the connectlng line. v

RELATIONSHIPS: . _One point, is g1ven for each relationship between two Concepts prov1ded '
o - the relationship is content correct and exp11c1t1y 'stated. No additional
credit is awarded for dnn11cat1on of the same. relat1onsh1p on the concept

. ' P Lo e L B

HIERARCHY:};}:' Points are awarded depending-or’ the degree o o TN

: D of hierarchy in the concept map. The num- ° certe T . N
- ber-of points given for hierarchy depends. " . N e T T
. upon the number of ievels that are identi-- ‘. T o : EE
. fied in the constrycted map.. Use the map . LEVELS
- to’ the r1ght for 111ustrat1on.,a'- M - 1 :

. A < One ‘point_ is given for at least one cor-
’ . v .rect relationship per level, up until two’ = <° |
R  levels beyond the last branching if the =~ ~=7 77

map remalns 11near L ) P N -
. ¥~i%-. _f‘ m'{-f--——,-—----——-
" ) L = Sy . . . i o 4 L
" BRANCHING:. L The” branchmg of the concept map refers rm———— -———
o : : * " to the level of degreé.of differentiation 5 : . ;
o o -+ ., ,among 'the concepts that’are ifjustrated . T T TTT ST TS = e ‘
' _in the hierarchy. - That is,: it attempts . o o sl o C R
. ™ to rate the degree that specific concepts .- =~ RGN
iy - ."% ~ ~ - are connected to more,general or inclusive  ~ Ce
v > ot concepts. That ratjngﬁ's as follows: ° - s :f : 'T } hﬂjilk ',}" . s
. ..,-One po1nt for the f1rst branchyng where two or more coneepts are connected .
. ’ . to. the concept above.s. «/ : . . . i

- - .7 Three po1nts for any subsequent branch1ng where there is-. an. example of -
7. two Or more concepts connected: to a concept, “above. ‘The 1;uustrated map
’ above would receive. a score of seven; 1 po1nt for Level 1, and -three

‘points. each for- Levels 2 and 3. .Note that since no. branchlng occurs in

-Levels 4 and 5, no further points are awarded for thts qr1ter1on. S L ;
GENERAL TO. . . : o . v ' ) M S - "._:“.
SPECIFIC: The concept map receives an add1t1onal rat1ng for illustrating a general.. . R

“to specific pattern. whether one concept is more general than the ones
-below it depends upon the line which connects theé two concepts. If no
general to specific relationships .exist, or:less than 10% of the .rela-
t10nsh1ps are general to specific, the map rece1ves a score of zero.-

‘ %£ 10 - 29% are correct,=’1,po1nt G ¢
o 230 - 49% e =.2 points . 5 . .y
oL e 50 - 69% AL A I T L e e . :L N
A ' " -70 - 8% " =4 " T e T -
. : : : 90 ~100% . " = 5 " v
- CROSS LINKS: [nterratedness 1n a Student s concept map 1nd1cates an 1ntegrat1on of

‘concepts, and is depicted as cross links on the concept map. Cross. 11nks
show a relationship between concepts -on. one: branch” of the nlerarchy w1th .
concepts on another.branch. Notice the=two. examples of cross links in” e
B the 111ustrat1on above. . A rating of one .point is. -given for each cross . S
» 1ink show1ng the 1nte5rat1on ‘among concepts.  .No additional.points. are "' : e
- ) awarded for dup11cat1on of the same cross llnk that® is, show1ng the "é ’
. . » 'same’ 1ntegrat10n of concepts. : N

o - Flgure 17. ComprehenS1ve From for Assessment of Student Constructed Concept Maps.
. . . N - . . jé l"\.a -

e

Aruitoxt provided by Eic:
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SAMPLES OF.STUDENTJCONSTRUCTED CONCEPT MAPS WITH'ANNOTATED ASSESSMENTS o

The next three pages show examples of concepts maps that students B

have made durlng the eValuat1on phase of our "Learn1ng How to Learn

;‘PrOJect " These examples were sollc1ted from seventh’ grade students

‘ »dur1ng c11n1ca1 1nterv1ews ‘' The 1nterV1ewees were g1ven a paragraph
-ii reading that was based on. mater1a1 that" they a1ready had 1n class.
")f After read1ng the paragraph the students were asked to’ construct
C concept maps of the read1ng The read1ng used for the sample of

| students whose maps appear in the follow1ng pages is presented below

'i“ In add1t10n to: the reconstructed concept maps, an annotated

rat1ng,based 0n the comprehens1ve scale on page V- 4 has been 1nc1uded

in order to fam111ar1ze the teacher w&th how th1s type of rat1ng techn1que/i

.

.can be used ,%
'.Living“things'all need energy“”'Piants'and animars usetenergyp. .1
:f"f' for. 11fe act1V1t1es ’ Some life act1V1t1es that’ both plants"“ n;7 .
and anlmals have ‘are growth reproduct1on resp1rat1on, and - | ffff ‘
Stransport of mater1als A 11fe act1V1ty found:only i greEn
1yp1ants is" the product1on of food An1mals cannot produee o
) yl‘;-thelr own food so they need the Tife actlg1ty of locomot1on _ N
%L:f¢"to f1nd food : s”flh "'-t ) Tf.f"g’j'*ijﬂfiinip 'rr,;”&fgflﬁ‘ ]
' > s S 4 : Lo S ‘i o m

- Flgure 18 Sample Paragraph for C11n1ca1 I terv1ews used 1n the Evaluatlon o
o o of students‘ Concept Mapp1ng Ap roaches : L

. )
. L ) BT o, . R
- e . . . . : ) - 2
s .

. ‘\;




Repfpducticuj

Figure 194, -
S p'-v.1mportance of the connections among the concepts.. Without- these connectlons
- - no other, crlterlon can be determlned and thus the map receives a totdl- score

=of zero.

b o
; N
g

. ! -

1 i
i

et FE L . . . . R

© RATING:™

. «\,mv—

L% Cowt o0 Relationships. . (O (Student has not 1dent1-
S T I e ~ fied any connections
T - “among- the, concepts.-

e T ... Since these connectlons‘"
o .. Hierarchy " 0" have not been exp11C1tly

Sty T made, no credit is glven'
o . Braiching. 0. - for the other criteria
e o as well )

Genefal to .
| Spec1f1c.t 0

“ﬁQMSMMSN'vJ

Student Constructed Concept Map . ThlS map:is. 1nc1uded to 111ustrate the '

-




Cowme u,J*) |
- R o [ - » o Reiationéhips 9 (Student has 1dent1f1ed R
SR S R o ning comections among -
" .the concepts represented R

" on the map, and all of
: these are content correct.) |

7

ORGANISMS ~ ~ - Hieraxcy . . {Student has. 1dent1f1ed
' e two levels of hierarchy:
~ fron ORGANISMS to PLANTS
S . S - and ANIMALS and ENERGY;
e ~_"MﬁmMWmﬁm
R y ,-. f DUCTION, GROWTH; etc. - .
,One point for. Level 1, o,
“point for Level 2, fora
total of tw0'points;)

.Plants

pa:g T

© . Eerg ' Locomotion Ly 'Branching*u" 4 (Student has btanched the -

: g S o . concepts at. the two levels
of hierarchy.. - One point for"- .
N R R " level 1, three points for .-

T T 1 B R ) for a_total of four -

- Beprotuction Cm%h;kwh@bn'%mwmt [ L Wmm) - o

\...
oanF L.

- Geggzzifgz : >‘°”__§;, (Alilod the concepts and their .
| T opect T levels Lllustratecthe general
SN o specifie ule, re5u1t1ng in

i

” ,;z . flue p01nts ):

Flgure 19B Student Constructed Concept Map #2 Cross Llnks };_Qﬁ__(No cross 11nks are 1nd1cated on ¢ f
| the concept map. ) |

b



| e e o Relationships 11 (Student has ddeitified -
o S N "eleven connectlons among ,
Lo S _3..1 Co o ﬂf;c o the conqepts‘nepresented S
o ﬁ T - on'the map, “The comnde- .
DA o of LCGHOTION e
g IR R e ﬂy“Z;TRANSPORTATION TEpTESENts L
[ L ST LRt R isconception and. thus f-" »
A T B A R R Tty
b e ot cBmputed n the
: R T o totaly) :
o~

Animalﬁ' 3““f° Drganism Plants X f"'a,”".. Hierarchy .-f:  3 (Three levels of hiearchy - ¢, ;{y
S R o are }dentlfled IR

' . '

e,

 have:

Mmmq“7 MMMWWML‘
. ' | NS U 7 ‘oanching is répreSented '
Locomotion Life ACtiVitieS ‘ Green Plants P o -‘, at Levels'?, 3;.and 4, ,
‘ BRI A Ongpoint, for level 2;
, "“}“‘three points each for ;w‘ -
. | : * levels'd and 4, fora e
ST LA S total of seven pints:}~
oo Production o - oo ’ L <
R Food . Generai'xo;-v""” T

o “glfvfm ;- wmm SMMmmmmmmm B
o ‘|‘-'- . 7|.' A :njﬂfy,ff\ B ~ mentloned above show thie: f?iiiﬂﬁw“v
o Growlh ﬁespirationf' Béproductqu‘,;%@};f\'.} . - : general to. speclflc rule. -
P o This s greater than the -
T ST 008 eved thus the map
T e s avarded five poinfs.)

L= 54

e -

"»':‘<‘?.B

A PR !

 maws
S

. A S
. sTEmeRXS S

Trangpoitation .

: S Y S O T Cross Links 1 (One cross link, showing
xﬁ@mﬂ%,Sm&mﬁmnﬁuwcmmmM@#&wjﬂ”“¢Lﬂ,7Q$-V. 'tMim%mﬁmofwmwﬁ
ST e T T . LS represented:  ANIMALS-

a5 ORGANTSMS-PLANTS-LIFE
KRR ‘2jjeﬁﬁﬁ‘ ; N,ACTIYITIES.)‘

. R e
. ““' ’ ' '
. Lo L e ’
. . . bt B . :
. ‘ A LRI ) Y
. o . . " Do [ o v .
. : DR . . - " ' "
ca , . . .
. . . . . } e o, . .
y o . b . . REIE ;
. . . /n“,“, . w, "
. by . . Cre ; , .
. . LI ™ Ty i . ‘ oot n . ¢
o AR s : e '
. ' . ' 4 ' ' N ' ! *
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.forward penc11 paper format
'OWn WOrds, and glven an
fltbry exerc1se

'._-These are examples that we h@ve us el

The forma_

‘EVALUATION OF THE"KN@WLEDGE ”v”-
;AND EXAMPLES OF TERMS

Thls aspect of*the evéluatlon of the 1mp1ementat10n of the

- an: example of "record " ”concept ""”knowledge c1a1m," ‘et

's'glven on’ the nextttwo pages

b”'y0u w0u1d deV1se, one example from work prev1ous1y done by you
should be used B i

1n our research

“xample of adlabOratory exercr;e,ildentlfy

For a test_that

(<3}

{”Learnlng How to Learn Program” in your classroom 1s a 51mpﬂe stralght—.,:
Its obJectlve/ls to determlne if students
can 1dent1fy the parts of the v, deflne e ch:of these ‘terms in thelr;g-’

L

in a labora-

<«




‘ s AL : ‘ﬂif IR ‘ e o ‘:%
W};;_ S B Lo -DATE:'-; L ostwoo .o L

t
1.7 ) F o o
rLo . - e
v " Yy . ‘ AL . ‘ B . " . ;
g . v

f"DEFINlTIONS AND EXAMPLES 0 THE TERMS or THE Ve g e

‘ ¢ {
Instructlons. Below 15 an ol lme of the "V" that e have been usmg in class. As you know there i L
are nine tems-that are used yith the "V, In each of the' spaces with-a double line (—), fill,in o -"
the proper term, "and wr1te the def1n1t10ns of that tem in the space des1gnated by the sin smgle 11ne ( ) o *‘

K
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“voz oanZrg ¢
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Y
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R o . . ) Lo i _— .
L F. ' A ' e '
. - . | . )

‘/I ‘ ‘-;‘ R

Instructions: Below {5 an mmplo 0f 2 wnplc Iahoratory eiercise that {s.
sinilar to ong you have done already i class. Read through the exercise
carefully, and then idennf) which part of the labomtory cxcrcuc 1<

|y uiderlining or tircling:that part of the exercise that. correqpondq to cagh of the tems‘

INSTRUCTIONS:  Below i an example of a lahorntory exercise, that is similar to one that
you have already completed in class. Read through the exercise carcfully, Then, identify

around the "V, Label these parts using the tcmx of the M,

i cmmple 6f each of tho tems around, the "W",

e, ' R W
A .

I‘ROI!LEB'L:, o varlatfons exist’ in 'thcl nusber of secds in bean pods?
i ﬂA[k(’ROU\I) ML there two people in your Lhm who took allkp’ Even if
identicnl tuins are present, the answer 10 this question will .llwnyﬁ he.
that fo two people are exactly alike, aturdl selection states that.
a1l {tving things show dome difforances whe comparod to cach other. <
Sclenust: have made the statenent that therelis naich: variation even
aong Tiving tlnngs that are clu%ciy related{ Sometimes the varfation
“en-pe:helpful fo lmnp,thlngﬁ and may gch hem an ndvnntuge over '
n{hers. s )

MIERIALS: “Fresh bean- pods (green or'itring beans):
. - \ . st v R

ekt
. vooon

i,ﬂlm\rlmmr o e
‘l ﬂpcn lwcnty hcnn podq S

. Couit the Mmber of hmn uede tlm you ‘md m cﬂch (‘ount all sizes
oven- - they are small,, L ‘

3 Write down \uur esults’ belo sing the park (/) to shew the: number

-.of pogs havig those- nuaber of seeds listed. Then prepare a h.lr ;zr'lph
‘f' ; ofvour rcsultq o . , t o

e o

C T ABER OF SEEDS N ONE POD

ol s e e o Tl
Pnlls Alaving Z0 TR PR I O P S
LR T A | }l‘.t_l

OFSeeds o i 1 f
7 rr‘, N v ‘
‘ e ' o
RE . c L P K »
A l'E.m'? o Az . .
v N Wi i ‘M_J.’J'r M v .
’ o N E’-% o :
vg: 5 o;w‘. N v
i Cehy 55‘“' o
“wod 1
D AT
SR K .
oL Y ‘ ! g
Lo AR A
o . "‘”‘l?ﬂ,wn N
E W \ Nunbcr of Gecd-\ in nnc Fod ,
‘- e : ﬁf' ‘ v
CONCLUSIONS;:  Based- o the rcf-un mmons in thc numhor uf ﬁ(‘cds in v

" Ybean plants: dncs cxlu The nunber of seeds could he mful
o theé,orgaisn hmu<c it “pives, them an ndvnntme ovcr orher
, drgmu\qs '.Q( thc nme <pccu"; Sy ,

. ht) ‘l-," .."

ls‘-

K ‘, RE
H

Flgure 208 Two exampLes of laboratory exerc1ses
: 1%‘ , used to determlne whether students

. v 4
1 .
5l.)[} |‘v . ' N ot
P L .

P

l’IHl) OUT: ' %\much heat {s loqt by hot jron w1shors wheh they are plnced in \nter" A
T ‘ L

BACKFR()HND The kmeuc molccular mode] stnte: thnt the anownt of hdat cnergy in a *ubstance
g o s related to the kinetic energy of the molegules and the number of molecules -

“in that substance. As heat is glyen off hy a substance, the molcculc% in that
"-fsulvqt1nce nove more slowly, - As heft is added to.a substince, the' molocules ‘ .
7, .move more quickly. When two nuhstnnccr. of dlrfercnt temperatyres are brought'- -
inear each other'or are mixed, heat fron the warmer substance s given off to s
‘1 the coofer dibseance until hoth substances reach the sane temperature. . The . v

Amount of heat lost by the warmer sybstance is equal to the ammmt of hoat :

o fgurmd by the cooler nubst&ance.

;T S
. thermorneter is.an instriment that meas sures. the nvenge speed oF the molecules o
m a’substance, - To measure the aount of heat, a person can use a calorimeter. -
Hnsncnlly, a calorimeter is nothing more than an insulated container with a - '
thernoneter fitted into it. The nawe "calorineter” cones from the fact that -
heat is neasured in calories:-- a calorie being the”amdunt of heat that' wll ,
rznsc the temperature of one gran of wnter one dcgree Cchms ' o !
IR
cardhoard Celsms themometcr ring st nd and’ nng. set. of kniown. mmes. ‘
styrofoin cups, wire gauze, iron washer-; halance hmker strmg,*tongs, coe e
hunsén bumcr, matches. : A o ‘
-yg, . . . .

MATERIAL§

PROCFDURE v L Make a sxmple calonmte'r hy placmg one stymfoam cup inside another. Make

C @ 1id fron'a piece of Cﬂrdhqard Punch a hole in the 1id and place the therno-
o ‘3 meter in thc hole :

‘ly «" !

.

e T, i - o,

v Awmmwm : J“~H,,
O J l!alf fxl] the calommcner wlih water”, . Find the mass. of 1the cnlonmeter I
IR with the water m it erte the nass of the calonmeter adikatér i} in thc ST

SRR quce helqw{ Lo A .; FRRIE N O
. , . 4 Measurc the 'temperaturc o :}Jw ater: mslde thc q]onmetcr fh m' thls o o
e v tcmperature s the initial temperature of@he water: ,( 1) in the space below. SR

5. Tie about ten iron washers together With a piece, of string. , Bet.g beaker
o of waterover ‘the bunsen. humer, When the water boils, place the washers in g
O . the water, Lewe them in-the watdr for sevéral minutes, - Then, using the tongs .
‘ qmckly remove the washwers from the heaker. and plncc them 1n"the calorimefer, .
(Observe and write down the highest tempcragfre reached on the, thernoncter ip

the c1lor1metcr Wiite this tempcrature TZ] 1 thc space hclow

l‘. , ) . ) o

' OBSbRVATIDNS v o . :
ANU MT)\ \ ‘arams ']'[ . ZV ec . .
. --.._-.-. ‘- ““ T T — ‘ '5 v 3 .
\ R L . B VR g o
.‘.Z‘: M= 20 o prans LT zq“ o , ‘
' BT “']-.2. ——r K .
S . ’{' ‘.
> e s
‘Mm' of .the water (M' . ': fo gmms o ‘ ;; ." )
_ o hnngo in Tonpernturo (T2 -T i 3 N R v S
[ e ‘ ‘___________ ' |
. / 'Cnlorics Gained by .the'wdter, [(M - x(T - zz cﬂorm

gmerll‘iqu e wnshm loct hmt to. the water, Since'the water ;mncci M-calorices of Co
heat,; the washers must have lnnt an equal amnunr of heat (270-calories). ¥

1 . . . .
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ASS;SSMENT‘OF S,TUDENT"."C“éﬁS'TRU'CT_ED ._”‘Vf‘S.",' Lo e :

6 Although the .title. 1nd1cates that th1s evaluat1Qn method Is

_ 1ntended for use in assess1ng student- constructed "V's"4 it is: 1mp_"
,_etant to remember that the "V" is also a pre teach1ng tool and “thus™
has appllcab1l1ty there as well o S . "f A 4-.< ;Vhr'a

s The ochct1¥e of. th1s part of the evaant1on is to determ1ne how
_.good are the "V's” that students prepare The f1rst form‘af the - _
- evaluatron g1ves an: overa]l p1cture of the A and attempts to ldcate ‘

, '°la e holes in the students' work 4ﬂTn other words 1t g1ves the

( S
teacher a 1arge f1eld of view so that a more general p1cture can be Y
determlned The second formiés more comprehens1ve Its funct1on is
to give the teacher ' closer look at each of the parts of ‘the "VA/7f‘T

and to assess the stqdents' performances at deve10p1ng a focus q est1on,

N at recognlz1ng the maJor event 'at checking the records and transforma—:

e

tlons, etc. Tor cach of these parts of” ‘the g range of scores can‘fgd"h-;
.be asslgned The range 1s qonstructed from zero (O) which 1nd1cafes 73“T2f£;
:4’; that there has been noth1ng wr1tten for that part of *he ”V" through

-an opt1mal sco;e for that parg Th1s fbpm_can functlon 1n two ways
) s :

Flrst, 1t can help track the progress'_‘_a'student over time-in each _
pare~of thé "y, The ”Progresc Sheet” on page y 17 can ‘be used to P

to see wheré’ maJor d1ff1cu1t1es'q”"

Tow, 1nd1v1dua1 student”progress

‘Q “4" guljsed; "6" 5 Q’V

'eTh1s mark is represented gt' he bottom‘of'the ”Progress Sheet ":‘

-
o .
<
-
&




" . GENERAL OVERVIEW OF';STUDENT-CONSTRUCTE,D nyign "(FORM. A) T

Thls checkl1st»g1ves the teacher a general assessment techn1que

for evaluat1ng student constructed "V's" As the students and the

teacher ga1n more prof1c1enqy w1th the range and use . of ‘the "V"'-

the teacher w1il probably wan ﬁq use Form B. on the next page.
! Howeve; N ,ﬁhi '

a‘ ..I:.v,-.'v‘
rm ﬁlll serve ‘the - purpose of 1n1tra1 assessment
N , - :

General Assessment

hFigure':ZI;,

. . _' . . '\'
N . S .

R T .'9{3 R T Dk
1. Does the focus ‘question. attempt to-- -~ .. , -~ = . -
- rélate two or flore concepts?. .

-

: °2 Does the focus quest1on relate

. ;‘.

to what g01ng to,occur im the _:'=”j

,laboratory,exerclse‘7

?f1dent1f1ed the maJor event’

1
',".'

. R

ALTArehrelevantchncept identifiedff ‘ v'[5f]'7'=5[@=élﬂl7l[-?;}

5 Have reievant pr1nc1p1es and R A [ RN

A

| theor)’ been 1dent1f1ed" T T AR A N e
/h-. L L o ” ]

»56L5Has the student made adequate SN .“f _.”. St

JEVEN
t

: records and transformat1ons’
-\ ".:l . . ; ] ‘ .;.t‘._"

I CF T : ﬁ‘ B
7. Is the knowledge c1a1m clear Lo T N
A w.. PR o
icomplete and con51stent w1th L T G

the focus quest1on’-‘;. . SRR A I




: *;ocus Questlon

- 1o focus questron is 1dentrf1ed

1 -3 questlon is- 1dcnt1f1ed hut does n'fﬁfocus upon -

the objects and the major event 0R°them“onceptua1
2 t51de of the "V".. “l““ o \

2 - 1 foeus questlon is; 1dent1f1ed 1nc1 des concepts |

. but doeSvnot guggest obpects or the/major gvent OR
‘the wrong. ob)ects and &Vent are idéntified in
relatlon to the‘rest’of the laboratory exerclse

~ FTUCLIRNE

-3 clear focus questron 1s dent1f1ed .includes
~j‘3. concepts to'Be used and suggests the maJor gvent
: and accompanyrng obJects B

e

'.ObJects/Event fﬁ*' - I.:'v:ﬂJ‘ “1.1t o

“';0-- no- obJects or event is 1dent1f1ed

1 < the maJor vent OR the: obJects are, 1dent1f1ed and

"1s consrstent with the: focus questron OR an event
©and obJects are. 1dent1f1ed but are 1nconsrstent
“-With the focus questlon pffg‘_t v

"ui 2 -‘the maJor event w1th accompanyrng obJects is iden-”
- tified; and 1s conslstent kith the focus q%pstron

‘7';.3‘- same. as above but also suggests what records will

be taken.,p.‘p oo _.‘_‘,é | é?ﬂ

. Theory, Pr1nc1p1es and Concepts .

ht

g

Oi- 10 conceptual srde is 1dent1f1ed

1 S a few Qoncepts ‘aré 1dent1faed but wathout prlncu-
-ples and theory, or’a pr1nc1p1e written. is the

o ‘= knowledge clarm sought in the laboratory exefcrse |

‘é : concepts and at! least one type of.- pr1nc1p1e
| (conceptual or methddologrcal) OR Concepts ‘and -
-8, relevant tbeor 1s 1dentrf1ed 0 i‘f‘\ .-

j-4r- c0ncepts two types of pr1nc1ples and 2’ S
| relevant theory are 1dent1f1ed *'gi .5!i.¢p

v W

¥ Records/Trahsformatlons S L f fd .lw*Hif:h

0-no records or eradsformatrons are 1dent1- g pgpﬂ; .
fJ.Ed ‘ "}ag.ﬂ_ N ‘ B . 4w

1 - records are 1dent1f1ed but are 1ncon51s-

tent WIth the focus questlon or’ the .
i -\maJor event, - '

. - Tecords 0R. transfprmatrons are 1dent1f1ed
but not both

‘\3 - records ire 1dent1r1ed for the maJor event
- transformations are inconsist ent nlth the. ,
1ntent of thc focus questron :wt} Co Ty

'1‘4 - records are 1dent1f1ed for the na;or event-uv L
transformatrons are- consrstenb w1th the: @ocus “

questron and the grade level and ab111ty of
the student Co o

K]
e‘ LN

Knov&edge C1a1m '_ “f;hn . vf‘ :r. 3-:__"%

‘i‘- a c1a1m mhat ubnunrelated to the left hand

; '_;-:t“': 51de of the "V”

-

-Jf . 2.' a knowtedge clalm that 1nc1udes 2 concept that

is used in an ‘improper context OR any genera1~
| 1zat10n that 1s-inconsistent with the records |
; and transformatrons e SR

o

-8 knowledge claiﬁ that 1nc1udes the: concepts o
. from'the focus questron and 1s derrved from the~-
L records and transfornataons ;

“_4 same as above but the knowledge tialm leads N .
to 3 nev focusrquestron e T

-




I i .. .
i : ; ] - e .
Below and on’ the next page are three«examples of "V's" fbr the N -
. same laboratory exerc1se 1nvolv1ng heat loss and hea; ga1n. Each. "V" i
/wﬁ# cgmpleted ‘and annotated,to Indlcate what mark ﬁhat part of the- "V"

(2) Concepts and

-;one type of prin-

‘ciple-is given;
“T0 theory._ e

7

cold.neu in m obJecl: .

F1gurs 22A Sample V#l w1th Annotated Evaluat1ve Rat1ng fOr a total of

ERI

Aruitoxt provided by Eic:

wéuld,recelve based on the cr1terra~on4page VL14 The mark for that

‘f(l) F0cus questlon does e
'Anot focus on ma1or~eventf‘?

Aa ho't'vauhers ire
pluced in water, the -
level 'or the vater (gisea.

Difference in"_ : .

Athnmmt rence ‘in o
¢ ex- meuures ‘Water Level o

the degree.of hafnese: or

Level ox‘ vater after -

#41). Records and
'TransformatlonsA$ T
. ot reldated to. T

fw(l) Knowledge _
»‘1a1m not t1ed to.

FheﬂmaJor%eventx

A "Washers put i’ -
A S \ - " Level of vater before ‘w
> oHeat, Energy, Tempera- . - ——

, “Washers _pl_xt in,
ture, calorimeter - : o

2 T pe
; g IS
' ‘ ’w'-.
o ‘.n€ raeh o plaked 1h
» . . Hot ‘washers plated im p
sl :c&mrhwnr . l(2),maJor event 1s
s \ o

-t

s ven.p01nts out" of a p0351b1e 01ghtcen..

*.

. . ‘. -»“.
' B . o e A :
3 SR T -
. " : S
S ) M . 7] . 28
¢ ’ - ST
. ’F s _ s .
- ;- oL, .
- < s . N .

! KR " .
. ' ‘
- ki
:
1nd1cated
L
. .
Y
- 13
A &
Ad

Fnd:fOQus_queStiOn.j

>,



) L A ' ’ e < ) R
- (2) no event suggested - =~ e _ L
Only hot vashers loae (2) '."Generall~‘i"i‘_ation~
" heat . . . i
st fovater. ' _jis too broad. Im-
proper. context for
"oRly Y o

Illov.ca(n you, meagure the heat louq

t
Kinetic .'l'ﬂe,ory . . by. iron washers? '

REXY

=

- ,'\——L,_Hea:_iaco tom of.
’ o - en-‘rgy. AR —

‘ (3) Concepts, “12. Heat 1s.a redsure: of
i the mdlecular motion’

.one type of in a substance: -
pr@;lple, and|{ v
levant-.~ .| = - . . .
o Fheor)"._ R ¢ .., . A - -/ Temperaturr After Washers ='_
v _ B ’ : Temperature-Before Washera . -
. L R Henc, Energy. ’l'emperntur* Mass of Calorimeter - .
N Calorimeter, ca.lorie, mole- .+ Water s
© cules’ ~ . Mass of Calorimeter =
. ) . l— PR N
o o e ) .,1f _;, ~'“*“'“““':](1) No eveﬂt give only obJect _
. Flgure”?7B Sample "V" #2 w1th a_;otal score of ten out oan poss1b1e eighteen. ‘o
. , ' ,\V - . f ‘ B . . B L '
CN , : -
s T U (3) Focus questlon relates T
2 L conccpts- suggest maJor eventvv o , v
bl - . T - . ° . ' - .‘ - .
' [Hov can you measure che heuc loatl ~Washers lost heut m 4 B .
(3)° Includes

.to water. Water gained °

by hot iron ‘washers vhen they ,are
. S qu.ories of deat.

pluced in'a c&lorimeter%

concepts;
answers focus
vquestlon, o

-Vaﬂherﬂ lost ‘an equ .
“amodnt. of caloyles as t
- ‘water’ gqir}fed ) .

v

s | 1. Heat ia a'tormb'ot'"energy

. o ' t -| 2. Heat .is the measure of the ; ™ g /
1) .Conecepts, ¢ nolecular motion. in a o [ A j‘ _ . e ; L
.rpes of" Prmc* - ~.3 :u::t::;: 18’ .che smount. of / :{% Q R 4 R d
.es, and a. rele- "’ heat needed to raise the temp~ _ WM mass of vater - ) (4) . eCOI‘ S
t th Lo erature of 1.0-g water 1°C, . 2 - Tl ‘a change in temperuture ) and trans fOI‘-
in eory . .| . Lav of Conservation.of Energ .o . .
Lt dJ. e - : matlons com-
ven RO 5% A thermometer meuureu the degree : Heut,;m = M-) x ’(T -1) L.
ST " of hotness or coldneu in a sub-~. “Cain " T2 V1T 7 T2 1 ten plete' COH-
,' ) %, |- - stance. : ’ LA B
, . 6. A ca.lorimecar 1u an 1nucrument. char. . .o : . SlSteIlt WIth
. ' : Vmepaures heat. : . . smaas of calorimeter =4 : i focus ques-
) L =mass of calorimeter + vater = . o tlQD
’ o, '-Muu. campcrumre. cnlorie, heut. energy, . ’ =temperature of vater. in calorimeter \- ! *
‘| «alorimeter, molecu.lur mtion thernmeter. ’l’l=h1ghest temperature of Vuter - e S,
: “Gx AP ; . * ¢ after hot washers vere ‘added ¥ - : I Ve
. . o ¥ - a L ' N Co ' r
B C T Het vuohersnp!acﬂd in ‘ ’ ‘
‘ v ~ o e : vater -in‘a.calorimeter. :
: TS ©© " Record mass.and change (3) MaJor event with obJects, .
. ) . : . inrumﬂmhue. o S"ggests records to be. taken. .
Bl N N
FigUre Sample nym, 43 W1th a- total score of seventeen out of a pos51b1e :f;
‘ 1ghtcen.~., ' , , : il o
ERIC I »72 N S
. "Aq" s . : . . . : . i i N . . .
: BN - . Coa - - R B T

Aruitoxt provided by Eic:
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Focus Questiont -3

ObJects/Event T3

fThéSfy, Prin-
ciples, Con- .
cepts -

"Records/ |
Transformatlons

/
Q

Knowledge

4
3
2
1
0

. Figure 23. -
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Claim "3
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1
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The Stude t Progress ‘Sheet .

),,‘

A '.iﬁ"»~.' Co T .
" Yhe purpose of this .sheet 1s. to v

‘provide the teacher with a quick visual overview of 1nd1v1dua1
* student progress in relation to the parts. of | the ", The - - -

total scoréat the’bvttom provides a single defen51b1e ratlng
fbr the,student s laboratory exerc1se.

'753 N } | Aff : .-V\gl o .k

. . b . .
5 . P
i . . . 7



FhlS part of the ev11uat1o

]

.and uses: them as: conceptual pr1nc1p1es for the new focus questlon. fﬁach

IN'SEQUENCE

'e}aims trom.prev1ous cxperlmcnts

i subsequent experlments

'that' the student can use that 1n£ormat

Ih'”V” #1 below, the studernt- neaches ‘the
c1a1m Lhat carbon d10x1de is g1ven off durlng fermentatlon.

attempts to deteﬁmlne if the knowledge

can’ operate as conceptual pr1nc1p1es T

Know1ng g

1 011 as. '.

conceptual pr1nc1p1es for

experrments~

'”V” can ‘be evaluated on.the basls of ‘the cr1ter1a already 1d€ﬁt1f1eé .on

:3'. 4

¢ ' [

In Cu.rbon Dioxide. 81"‘1‘ :

process of farmnta—
“\tion?

_ Respiration,
Bromthymol -

- can‘indicate the
preaencc of 002 '

Vee

£ uu'bon Diuxide. A

yeast', lamentation.
) Bromthymol
' . Yeast’ amd Molsu:seu .
~ golution; dgénerate &

. Bromthyml Indicator

l 1%

)

Cn.rbon Dioxida,.
eut durfna the /ia give,n orf by

ot yeast durlng ter-

mnt.a.tion.

K

4 ) . gas produced into: 4: .

i

s

?

, - Reaptration,
mthymol as \
fcator or
- presence, or. CO,,,
temperatura ;\f"

s

CQupue "barore a.nd N
: colors of brom- >

The teacher should H0w'ver

.. on whether these prev1ous knoWledge clalms are be1ng 'uséd as c0nceptual
pr1nC1p1es in the subsequ

ent eXperlﬂgﬁfsftw Lo ‘?h. ,;-: o ﬁ{_

R Re_upiration;

[a t‘anm:ntur.ion axt‘acted
by the kind ot rood given
the yeast cella?

cOncentrate

f!‘ected by differences in
tqmperature? ) )

Chm cnupd.ring color

-0, ‘glven off change of . Bromthymol end '

during fermanta-
tion; . Bromghymol )
nay -indicate the
presence of CO

temperature .

(from v A1) A .
: . . E “' . e ' ~ -
0,, yeast, . /+ Record temperatureu of testsy . .-
. remcnt,atf'ion. . - /-Record colors_of Brbmthymol : j - -
: Bromthyml, temp— B n!‘t:er certa.in time. RN (L
era.ture 3 ) R, :

'/ .sume events am’ =
‘#1, but under -
Lo . _varying tempera-

A : i, tures’

' ’swnwr CONSTRUCTS e e

NE:EDED RIGHT-I!A.ND SIDE

R

1 o B . “"’
. OFTHE "V . - e

' Figure 24.° Sequences of Laboratory
_"'V's'" showing construction of .

e pr1nc1p1es from prev1ous knowledge
.. claims. . :

..\

. v
T : I
S ; . r. l-:l:;



e strateg1es 1nto the classroom, the st,dbnt:should have a: f1rm grasp .

of both techn1ques- What time’ is appropr1ate to 1ntegrate concept

he ey depends upon a number of cond1t10ns ﬂ‘ab111ty of o

’ flthe class work

')dlhow 1ntense the exposure_

i‘Se strategles-has~been preV1ous t his t1me However when

the teacher'feels tzat the students are‘ready, the” 1ntegrat10n can -
begrn s _,.~v-m'v o - ;-j - 5 mu.:ﬁﬂ;
In. our stud1es -one teacher eased into this 1ntegrat10n by haV1ng _
;': students c0nstruct small concept maps “For the "background" 1nformat10nl.fi;
| of an exper1ment j Th1s exerc1se was g1ven for homework or“1nfthe |
pre lab d1scuss1on ' After the exper1ment was completed the students
‘. i proceeded to construct ‘the "V" for the exerclse After a few tr1a1s
‘}f o w1th th1s method ‘the students were askgﬁ to take th1s pre11m1nary '
S concept map. ‘and make it the left hand side of the "V" . SRR
o Evaluatlon of the. 1ntegrat1on of both concept mapp1ng and the "V"’ BV

51nvolves tak1ng certa1n aspects of - the assessment technlques a1ready

:mentloned in th1s handbook Here then are some general gu1de11nes

" as suggestlons for 1mp1ement1ng the 1ntegratlon

\

_1; When assess1ng a student s "V" delete_"Theory, Pr1nc1p1es, e
"and Concepts” from the cr1ter1a fon evaluat1ng the "V"(pagc V 14).

‘J4-"~2ﬁ,Subst1tute e1ther nhe general format for asses51ng concept / .

7..£; 11"_, maps (Form A), or the more comprehens1ve (Form (B)
h recommended that the more’ general form be used at- f1rst "_

- " and then | sw1tch ‘to. the more comprehens1ve formhas students
_{*wﬁ.&,ynhif_become more fam111ar w1th the, 1ntegrat10n '

LfIf the students haveﬁalready come this. far w1th these‘

) strateg1es, it is not recommended that the- teacher use ; RS

'3yForm A for asseSS1ng the "V" : Form A 1s too'general to

e "

s 'i"‘PTOV1de the kind of spec1f1c1ty that Form B Pr°"1des o

~— . Loem




' famlllar with the’ strategles of concept mapp1ng and the Knowledge "V"

CONCEPTUAL QUESTIONS USE OF THE V AND CONCEPT MAPPING

mAs in the: prev1ous sectlon, the student should be . completely

¥

Th1s section of the handbook attempts ‘to suggest techn1ques that ¢an

be used to determ1ne if the strateg1es have had any effect on mean1ngful. .

learnlng (Sectlon ITy: - #

How students learn -is- affccted to some degree by the k1ndsgo.lques-~

o thnb wh1ch"they'ant1c1pate on tests and qu1zzes If: the students are
'asked only questlons that requ1re rote memor1zat1on, and 1f they have

'experlenced success by learn1ng that way, then there w1ll be less -

1ncent1ve for them to» earn in a mean1ngful fash1on 7PL? -

The technlque that we advocate 1nvolves the construction. of what

can be called "conceptual questlons " There are not what som"

of as’ "thought questlons” or "bra1n teasers "f Answer1ng a c0n ptua

questlon requ1res that students employ mean1ngfully learned concepts:

'@Hhc111tated through the use of the strategles of" concept mapp1ng and 5535"37

the Knowledge "V" v G . v C ,
' Although it is h1ghly 1mprobable to dev1se quest1ons that totally

e11m1nate the rote mode of " learn1ng, it 1s poss1ble and des1rable to -

_ dev1se questlons that minimize th1s factor and wh1ch are more-conduc1ve :

to be1ng answered by the student who. has learned mean1ngfully These

k1nds of questlons can also be used 1n a var1ety of s1tuat1ons 1ncluding~

v rev1ew sess1ons, 1ndependent study, as well as—%est~construct1on by. the

..teacher u.~-ﬁﬂ;l_s‘~” R "":~- . L AR
: . <

Two examples of -conceptual quest1ons wh1ch were used in our research

'are descr1bed 1n the next few pages. Both 1nvolved a descr1pt1on of an

'expexlmental event wh1ch paralleled one that the students had prev1ously

'"enpountered The f1r$t example 1llustrates how' a laboratory exerc1se

thc method for cvaluat1on of the quest1ons is g1ven

done in class and wh1ch contained. concepts that the learners had a1ready

\

valready c0mpleted can pave thc way’ for the construct1on of a conceptual

- questlon The second cxample re11es on a d1fferent»conceptual system

(atom1c theory,lln thlS case) to offcr an explanat1on for an event usuallylw

,PassOcJated with electr1c1ty Follow1ng the descr1pt1on qf each example,;;ci



, \ ) , $ ‘.s:\".& EE)
| CONSTRUC’EIN CONCEPTUAL QUESTIONS EXAMPLE 1. (THE WINEBOTTLE) S

Q lowrnglls a method for construct1ng conceptual questlons.’ IR il

“first example will be used to 111ustrate each stcp of the method.

‘LSelect an exper1menta1 event that the: students have been

G e exposed to, .and construct a concept map for the d
h 4 351de of the. "V“
e (See Flgure 25 below )

f one. has not already been cons ructed £

What is the relatlon-
sh1p between volume
and temperature of
"a closed :contain-f -
‘er of gas?: £

S ST e kaNeTIe THEORY ]
S : ) - LI L et
. . explams l o TR )
. Temperature. ..

Ny
\®

. Average .
““Speed -

Closed , S VR
Cont iner LA
a ---~Gas L;quid SOlld

'»‘t‘ t- . ..* W ‘.‘ ! ‘2 |:,\.

. Fioure 25: i o o . Flask with thermometer and
. rigure o5y omplete v Wlth Concept -7+ .tube with'water droplet -in-
_f- : ' Map forﬁgurposes of construc- . " side. Heat -in bath of hot
el o ..., ting confeptual questlons "« ' . 'water. Record changes in
hﬂf“-~ e ; . . L f\ .temperature and he1ght of

- ' S

' 2.QSe1ect another exper1menta1 event for: wh1ch the s{, c0ncepts

would be relevant In thls examp ; the event was 2 capped

' sunny;windowsill. . R B o
'51 Q o .gf'Construct a congeptual ;answer. to the questlon to ant1c1pate the
| kinds of concbptual 11nks that thc studcnts mlght offcr égmthelr

: explanatlons.’"Dlssect" that expldnatlon, p1ck1np out thosc ; '. —_— 7t




£ i o'
. - 3 )
. Sy V=22 ' , ‘ R
[ # . - - : . ‘
sendenccs whxch 1né§cate a l1nk betwecn or among conceptsJ .

\ ». o . .. g
\ For- 1nstancc your ant1c1pated explanat1on m1ght 1nclude R S
BV Sueh sentences as: " . DR | !

"',_'f' . E}ﬁ;’ANSION IS DUE TO AN INCREASE IN THE DISTANCE BETWEE'N

. MOLECULES,,l-' . e
. HEAT IS DIRECTLY RELATED TO%THE AMOUNT OF MOTTON OF THE T
MOLECULES IN 2 SUBSTANCE, 6T . s . S

 THE PRESSURE OA\A GAS INSIDE a. CLOSED CONTAINER INCREASES.':LM
"AS:THAT Gas 1s’ HEATED.fws -

. . ; e o -l
- BT e
N u ‘ ﬂ~--u@: o
: - . . . . W
. - S » : & %2
. : . A
.
4

- m1sconceptions commonIy held‘by students . =j@ :

e
e
- S e .

B -y HEAT IS ADDED 7O, a SUBSTANCE THE MOLE?ULES EXPAND, [ SN AS
e TEMPERATURE AND HEAT MEASURE THE SAME THING, or I ”;"l T
T o . ‘.
GASES ARE. HOTTER THAN SOLIDS. B \
: ! )
5 The actual test quest' ould 1nclude four elements cons1ste‘t , "4 ; '
w1th the 1nformat1on above A clear focus quest1on a maJor event “

some - record of that event 'and the concepts necessary to sort out

o : the event and answer the. quest1on ‘ Below 1s an example of a cpn--

ceptual quest1on used in. our research .JPlease,notrce that all ofx-

the necessary elements are present e V}E o o o \»f'“
Ja DIRECTIONS Read the paragraph below very carefully, and taen do the . |,;i
;”the follow1ng . S o g ;' - . o 5".' : -;\-;Q
~ -construct a concept map wh1ch 1ncludes the follow1ng concepts 3'f'“ \ -
) k1net;d theory, heat temperature, gas molecules, volume, “hfy, o
. pressure, and expans1on - al; ‘ . - ‘__,%,@ -

—us1ng that c0ncept map as a gu1de, and 1nclud1ng as- many of

the concepts into your answer 'as. you can expla1n why the cork

pOpped out. of the bottle o -‘ c T
o . AN empty'w1ne bottle is left in the refr1gerator overnlght 'ln'the mornlng oo
/o it is.taken out. . A corMis stuck in the mouth of the bottle, and the bottle . -

“is left on the w1ndows1ll where the warm rays of the Sum can- h1t it. ‘Several ‘

;‘m1nutes later ~the cork pops r1ght out of the bottle DR , . -
. . N . H . :
EMC e T o e D o : o

i e R : . : : : : L :
o T ; o : e
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(' e

Q&;fSeveral varlatlons; f thlS k1nd of questlon is,-of course

:{:posslble, but the maJor elements ment1oned already should be .

“y f ) : foL1nc1uded You mayfifor 1nstance dec1de that yo“a”‘not wantf” ol

-~ffyour students to construzf a concept map. as part of the answer.

y Although the constructed concept map. may’ be helpful in. 1nd1cat1ng

St

e r*b'areas where m1sconcePt10ns ex1st,_our research seems; to demon—;ll‘JVJ

'fstrate that the mak1ng of a_concept map 1s nqt necessar11y

;;;"1mperat1ve to answérlng the quest1on s :
AP St i s 7 .
%[?'},ﬂ - 7. One f1na1 feature that our\research has shown to be 1mportant

"hshouldlﬁzncons1dered In our attempts to con§truct conceptual

_quest1ons,-1t has been found that t the’ 11st of c0ncepts must -

e ¢~1nc1ude-on superordlnate concept under:wh1ch all the others
-can be subsumed In thevexample g1ven above that supero§§1nate

7concept was=”k1netac theory "j In the next example 1t is the-

crsmae

_‘quest1ons was des1gned dur1ng Our research Agaln, the maJor e1ements are”'

4

' _present a_clear focus quest1on; a maJor event some record of that event

and the cog

epts necessary for the student to answer the quest1on On the

i ﬁg next page ‘the’ questlon that was glven to the students is provlded

x'

re -
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Th1s is- conS1stent w1th our the51s that concept mapp1ng is a heur1 1cb 4_.'
“device, neededaonly to facilitate meaningful 1earn1ng :;, Once the mean-

.- ingful 1earn1ng has occurred, the constructlon, or . reiponstruct1on, ' LB
of a, concept map may- not beﬂgecessary . D e
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Aruitoxt provided by Eic:

;. A i ,'0- . o
_'-"teacher._ B1r "A” and Bar "B" are exactly the same s1ze,,but are com--v c

v

P ed@of.d1fferent materlals Wheg‘Bar "A" is use to compiete the c1r~'4
cu1t the bulb 11ghts up very d1m1y When Bar "B” 1s used‘t‘ S ‘
the c1rcu1t the bulb d1ghts up br1ght1y'¥

,|.,.

QUESTION Whﬁ% must be happenlng 1nS1de'Ba§ "A"’that %

*? .
concepts that you feel necessary to ahsWer the questlon.i The c0-cepts
;;nqlude. attract10n, conductor, charge, electron, 1nsu1ator, res1stance,'
" : K e e »“I
- proton. ’ - o BN AN
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